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Foreword to the Polish Edition by 
Professor Przemystaw Pisarski 


More than 60 years have passed since the first successful kidney transplant. In the 
history of the world, we have experienced flights into space, the fall of communism, 
the birth of the Internet and an explosion in the progress of medicine. One of its 
fields is transplantology, the branch of medicine that studies the issues in organ 
transplantation. The roots of organ transplantation date back to the third century 
after Christ and its patrons—Cosmas and Damian. Over the past few decades, it has 
undergone very significant changes. They concern not only the surgical side, but 
also the whole of its multidisciplinary character. The multilayered nature of 
transplantology has generated advances in immunology, anesthesiology, surgery, 
infectious diseases, and internal medicine: Andrzej Baranski’s book is very wel- 
come and I predict that it will enjoy great popularity. This book consists of eight 
very carefully prepared chapters. The first is about the anatomy and physiology 
of the urinary system. Further on, there is talk about surgical techniques and—as the 
author himself emphasizes—“non-laparoscopic technique of kidney retrieval for 
kidney transplantation from living donors”. History shows that the ability to open 
donation is also important to know how to react early and to move from laparo- 
scopic to open donation without exposing the donor to unnecessary risks. 
Chapter 3, which is quite extensive, I call “jewelry”. The author emphasizes the 
importance of the transport and preparation of the kidney before transplantation 
(divided into right and left kidney preparation). In the same chapter the author 
describes possible anatomical abnormalities which the surgeon might face during 
kidney preparing (benching) and transplantation with the technical errors that are 
not so rarely encountered. Chapter 4 consistently presents not only surgical access 
during the first and subsequent transplants, but also kidney transplants with 
anatomical anomalies. The book is crowned by the author’s priceless experience in 
the treatment of surgical complications after kidney transplantation. Renal failure 
of the organ and irreversible return to dialysis mean retreat from immunosup- 
pression and the necessity of kidney removal (graftectomy). The guidelines for 
selecting a recipient for transplantation closes a perfect whole. 
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In conclusion, I would like to congratulate the PZWL and Springer publishing 
houses on its decision to issue this publication and thank you for the honor of 
writing a preface to it. 


Prof. Dr. Med. Przemystaw Pisarski 
Department of Organ Transplantation 
Center for Surgery 

University of Freiburg 

Freiburg, Germany 


Preface 


I started kidney transplantation in the 1980s in Poland at the Medical University in 
Warsaw. I then continued my training in abdominal organ procurement and 
transplantation at the Catholic University of Leuven—University Hospital 
Saint-Luc in Brussels, Belgium and at the Leiden University Medical Center in 
Leiden, the Netherlands. During more than 30 years of my work as a transplant 
surgeon, I have visited various world transplant centers in Great Britain, France, 
Hungary, the USA, Saudi Arabia, South Korea, China and Japan. During my travels 
to foreign centers, I have been systematically acquainted with various surgical 
techniques regarding kidney, pancreas and liver procurement, benching and 
transplantation. My experience gained during everyday practice and my visits to 
other centers as well as everyday conversations with residents and colleagues 
allowed me to develop my own surgical thoughts on these transplantation 
techniques. 

At the Transplant Centers of Leiden University Medical Center, we transplant an 
average of 130-160 kidneys from deceased and living donors every year. Our 
department is one of the oldest transplant centers and has been implementing 
programs for retrieving and transplanting kidneys from living donors since 1966. 
The number of kidney donations and transplantations that we have carried out from 
living donors has been increasing steadily and for over the last ten years had 
remained stable at 75-85 transplants per year. At Leiden, in addition to kidney, 
pancreas and liver transplantation, pancreatic islet isolation and transplantation are 
also performed. 

This book is devoted solely to the topic of kidney transplantation and is probably 
one of the few publications in the world presenting step by step with explanation 
the various kidney procurement, preparation (benching) and transplantation surgical 
techniques. 

I have devoted a lot of space to detailed descriptions of surgical techniques and 
difficult cases, as well as descriptions of developing decision-making plans. 
I present rich illustrative material including many photos taken during surgery and 
drawings which facilitate understanding of the subjects which allows for faster 
mastering of the relevant surgical techniques. 


x Preface 


I realize that some surgical techniques are very difficult to understand especially 
for a young surgeon. All the comprehensive cases which I present were performed 
by me and/or my colleagues. The surgical treatment plans and decision-making 
emerged out of many difficult multidisciplinary discussions. 

The first version of this book was written by me in Polish for a Polish editor 
PZWL and published in 2017. In Poland this book enjoyed and still enjoys great 
success among transplant surgeons. Photos from this book which I have shown at 
many conventions and workshops all over the world have aroused great interest 
among the young surgical transplant generation with requests to publish the book in 
English. 

In this very personal book, I have attempted to pass on all my surgical 
achievements after 30 years of work. In short, I tried to create a book that I hope 
will serve a generation of surgeons to improve their skills in kidney retrieval, 
preparation and transplantation. This book is devoted also to these young, talented 
and ambitious transplant surgeons to whom I would like to convey the following 
message: that only through hard and systematic work supported by a continuous 
process of skills improvement will you be able to rise to the greatest heights of 
surgery which will enable you to perform organ procurement and transplantation in 
human beings. 


Leiden, The Netherlands Andrzej Baranski 
May 2022 


Acknowledgments 


I would like to thank my surgical colleagues at the Transplant Center—Department 
of Surgery at the University Medical Center in Leiden, the Netherlands for helping 
with decision-making, operating plans, assistance in operations and for all actions 
and changes which were taken to enable our “Small Transplant Ward” to function 
better. 

People who I especially thank are: 


Dr. A. M. F. Schaapherder—transplant surgeon, (Sandro) 

Dr. J. Dubbeld—transplant surgeon, (Jeroen) 

Dr. A. E. Braat—transplant surgeon, (Dries) 

Dr. Hwai-Ding Lam—transplant surgeon, (David) 

Dr. V. A. L. Huurman—transplant surgeon, (Volkert) 

Dr. W. N. Nijboer—transplant surgeon, (Mijntje) 

Dr. D. K. de Vries—transplant surgeon, (Dorottya) 

Mrs. A. Haasnoot—physician assistant, (Ada) 

Mrs. R. F. J. Muiselaar—physician assistant, (Robin) 

Prof. Dr. I. P. J. Alwayn—transplant surgeon, Head of Department (Ian) 


With this book, I would also like to thank all the anesthetists, scrub and circulating 
nurses and also the transplant coordinators for their extraordinary help, under- 
standing and for the wonderful moments which we have spent together in and 
outside the operating room. 

All the drawings in this book were made by my daughter, Julia Monika 
Baranska, and my wife Ewa Anna Baranski-Szczepanowska to whom I would like 
to express my sincere thanks for their help and support in writing this book. 


xi 


Contents 


1 Basic Anatomy of the Kidney, Ureters and the Urinary Bladder, 


and Their Functions ............ 20.0... 000 eee 1 
LI Kidiey Anatomy i oak ee RARER ERE oboe dS AOE eS 1 
1.2 The Most Common Congenital Anomalies of the Kidney 
and AMAT op ke hioduke sew hnde ehh Ce ee G3 wad Be 5 
1.2.1 Anomalies of the Collecting System ............... 5 
1.2.2 Malformation of the Renal Parenchyma............. 7 
1.2.3 Congenital Solitary Kidney... con: 525 05 e5 orsta 7 
1.2.4 Anomalies of Kidney Migration .................. 8 
1.29 Kidney FUNCOM epesrregsistsr sadfa aoe weakens 10 
1.3 Blood Flow Through the Kidney—Glomerular 
Pilates (LOI erisera h i hea Eai h ERE ERES 13 
LA e a 544454 E e SE T ENT 14 
15 Renal Veins and IVC Abnormalities ..................... 18 
DO. Renal Vee. ..j2cceececeee ends EE E 18 
1.5.2 The Most Common Anomalies of IVC ............. 23 
1.5.3 Renal Lymphatic Vessels: occcccrioarsipk seeks xs 25 
1.6 Ureter—Anatomy, Structure, Function and Vascularization ..... 25 
1.7 Urinary Bladder—Position, Anatomy, Function and Arterial 
BEGd BODY x025.6.5b hGH CRB hI ORS TERPOL 27 
1.7.1 ‘The Position of the Bladder ...c40: 5400500054605 29 
1.7.2 ANAON 645.5 ceeen RE REY RAS 6 29S SAAS ES SEARS 28 
Do PUTO a sc Re edd kee cows Loh ss bee eee 28 
IS LOKCMSION ¢ te heeds eet eenesS oe a dub ndwenes 29 
isk aed oo bp ek eee he ark Ae ee Se ee 29 


2 Non-Laparoscopic Kidney Procurement Techniques from Living 
and Decedsed DONOTS 6 ions cae ead oi ke ONES ORAL Ree RRO SRE 33 
Sol. THGSINCHOR s45446852056-neaenng ses dane dohs.d ore debe 33 


xiii 


xiv 


Contents 
and Ar Af f Cia Death a (DCD) | aa ieee. 28 
224 AaWeOnOtim, 223454 oa ean ead Pa yak Sooke ee 37 
2.22 Deceased wang nest el Procurement t Surgical 
44 
2.3 
80 
2.3.2 Ki aa Procurement fom Donar viti rain 
Death (DBD) without Sternotomy: A Step- iiai 
Surgical Technique........ 624. 4.004.400 ees nes 82 
2.3.3. Kidney-only Procurement oe Docsi 
Dongr—with Sternotomy — Technique—brief 
2.3.4 
i my y 7 
to the lumen of the Akai Aorta u using a large 
bore cannula Kee hey 83 rea WO 
2.3.5 Surgical Tachnigus for Rideey-anly Pocunaneit: 
from the Donor after Circulatory Death none 
with Sternotomy (in Brief) . Pi deenagen I 
2.3.6 The General Principles of Abdominal Dga 
Procurement from Donors After Circulatory Death 
(DCD) and Donors after Toe Danh The = ean 
2.4 ; A Minimally 
[51-58] 
° This aie al 
113 
Surgic e 114 
o TEE NEE baer beeavd ETE 127 
Kidney Transport, Inspection and Dein 
for Transplantation . . Lenpitdbeeeeieetaenecsebanechea, LOM 
3.1 Introduction: Same Dstinit We NETELIA TEE 131 
3.2 nipping a aie from the Donor to the Recipient s 
33 ae nen to the Operating acm... Makeweeng Lee 


Contents XV 


3.4 Preparation of the Operating Room for Kidney Inspection 


Before vitae bana penne a Tools 


3.5 


i ; 139 
3.6 a Saal a the Tran port Devine for Continous 
Hypothermic Kidney Per Wceigeeetidasavaeenceeeane LF 
a sc ire ced eee eeceusees VT 


148 
at 153 


172 


195 


205 


209 
213 
216 
216 
oe DIS 


3.8 


3.9 
229 
229 


Cidney with a Short Renal Veir ee W I Cannot | 
be Le gthened . 


231 


Lengthening the - enal Vein ................ 234 


3.10 Difficult Kidney Inspections and Preparation—D 


246 


3.10.1 Right Kidney er wih Three Renal Venu 
on a Patch from the IVC, but ee a Whole IVC 
t Vein 246 
3.10.2 
249 
310.3 


xvi 


Contents 


3.11 pp, iaai 265 


References ................0. EE LET E N EPET 265 
4 Kidney erie ane piana maei EEEE EE TE EAE 
4.1 Po 27 
4.1.1 The Ponin of the bad. on the Operating Table 
and “Time Out ase oks.c eas bese eeee dhe ada aes 21l 
AN Aca Anske sia mid the nan Time the Panar 
42 
4.3 
4. 31 1 
4.3.2 Si ine oe, PTT EE T OEST EEI RI ae 
4.3.3 Draping: set Rotse ra iccenackntoneaerens 276 
4.4 Choice of Surgical steel for Kidney Transplantation 
wre Kaian 1 In , 
4.5 


4.6 
4.7 


4.8 


45 A 
4.5.2 
4.5.3 


17.1 introduction. PERRETE E EIEE T PETTEE TAE 
4.72 Open Biopèr 4 ih he E cit Gy Bi Ge BRS cee da a 
4.7.3 Deep Needle Bio 
Determination of the Best Po 
in the Retroperitoneal S n of the iagh 

of the Renal Vessels and the U , and the Location 

of Their Anastomosis .. 2.0.05. 2c600cbs shad ebb ste ke ees 300 


Contents xvii 


4.9 
4.9.4 Ar al pense ‘The Renal 1 Artery 
with the Iliac Artery PFET 
4.9.5 Ureter Implantation into the Wall of the Urinary 
Bladder: Own Modified Lich- nik ci = 
e e os 04 eed Po eho a had aeea nes ood sba 331 
4.10 Kidney Transplantation on the Left Side .................. 358 
4.10.1 
4.10.2 
4.10.3 
411 A eats om Ex 
Transplantation . . .. 
4.11.1 Introduction 
4.11.2 Fi ae } 
; temoval of oe: of thie e Previously 
haiie PE 
Reconstruct ion) . “ened eiie sorprese iraran oe 
4.11.5 Kidney Transphintaiion wih Twò tie 383 
4.11.6 Transplantation of Two Kidneys from One Donat « ox 386 
E «11 d4nc esse abae¥aann bu 0 padlewa'ennsesiasnnes 392 
5 Methods of Treatment of Surgical Complications After Kidney 
"VVAme PAQUIN: 65k hcg dae S EA OE OREOE EA 399 


5.1 Bleeding: Surgical Side | Bleeding. . 
5.1.1 Indications for Emergency Sure y 
5.1.2 Indications for Intensive Monitoring of a Patient 
with Suspected Bleeding into the Transplanted mee 
Area or into the Abdomen ...................... 400 


xviii 


a2 


5.4 


5.5 


5.6 


3T 


5.8 


Contents 


uring or Sí 
After Bend Rees, | May Oc ur Kins any fom 


of Kidney Don 


d and | pti 
Denver: 22s casn0s T pes 
5.1.4 Delayed Hemorr ge i in Ki 


Renal Allograft P må Surgical Treatment.. er eee , sad 


Introc 


A ii Tntrodu j yn 
5.4.2  Etio 
5.4.3 


Treatment ca otduy Seed Seeaeah daw ebOe AEEERS 


Urine Fistula/Uri 
5.6.1 Introdu 
5.6.2 Unusual facili of ‘Two Cei with: h Urinary 
Leakage (Author’s Own Experience). . eb aan 
5.6.3 Symptoms of Urinary Leakage ................... 
5.6.4 Treatment of Urinary Leakage ................... 
See! Piei After Kidney one MEN EEEED En AS 
572 


DIA DBS 2 i5 45-25-4550 ghee dads ada chee nk’ 
575 Theam cs. bh canted odees8t.aneinas ke phe was 
5.7.6 An Unusual Patient as an F ral 

Stenosis (Author’s Genk Experienec) [64] . oe 
EvnphGele: 4c chs dea hd deuce sediasat andes oeargease 
58A e 
5.8.2 
5.8.3 
585 Treatment . EAEEREN E IE a ahaa Pe anid 


Diaenedio: ee ee ere ee ee ee ee 


403 


403 
404 


405 


407 


409 
409 


409 
410 
410 


410 


411 


411 


414 


414 


415 
424 
425 
426 


426 


. 426 


427 


427 


429 
439 
439 
440 


440 


441 
441 


Contents xix 


5,9 


5.10 


Kidney Transl l Mik ae M pia Bladder reemere 
Decompression with a JJ Catheter..................-.-.. 445 


PS oo es boy eck bk bo nu Sek bh nda une denen avs 447 


6 Surgical Technique to Remove a Transplanted Kidney: 
Graftectomy or eeu (NY 6 oct heheheh ees tariis See 
6.1 Introduction . 
6.2 Early | ect ea 
63 Latet seta or “Graft ie. Lh FETARE eae eae 456 

6.3.1 Introduction . 

6.3.2 Surgical Prepamtlan be Late Gaiei in i St 
6.3.3 Author’s Own Experience: How Dangerous Can Be?... 458 

6.3.4 Own Modified Surgical T oo for Late 
Transplantectomy Step-by-step . Lak eRe ae Een Ce 
Ge (COMI, rirse torodik ekp i dees et eee sve Sue 
References . snap esis Grd ed Seles Ade eae Aone die a gS ae 


7 The Most Important Issues in bapa a Patient for a ia 
ee pe Pe tiedid ote aees sent EN EENET Hae 
References . pao ea aea es booed T EEE eee eee T. 


8 What a Safe and Successful Kidney Transplant SEA 


Depends Dal pere kk Sarde idade irti yra ae aeaa E ea 471 

8.1 Introduction ....... RETEN wee 471 
8.2 First Do no a ee Noñ Nocee—The Hispocentic 

476 

i r 476 


Chapter 1 ® 
Basic Anatomy of the Kidney, Ureters pag 
and the Urinary Bladder, and Their 

Functions 


1.1 Kidney Anatomy 


The kidney is a pair of bean-shaped organs situated in the retroperitoneal space on 
the left and right side of the vertebral column in the upper abdomen. In a human 
body kidneys are surrounded by adipose tissue. The amount of body fat sur- 
rounding each kidney depends on the age and body weight of the person. The right 
kidney is situated slightly lower than the left kidney. The cause of the lower 
position of the right kidney is the liver, which with its mass pushes the right kidney 
downwards and thus does not allow it to move towards the right dome of the 
diaphragm. The kidneys lie at the height of the last two thoracic vertebrae and the 
first three lumbar vertebrae. The right kidney is located from the twelfth thoracic 
vertebra to the third lumbar vertebra (Th12-L3). The left kidney lies slightly higher, 
from the eleventh thoracic to the second lumbar vertebra (Th11-L2). The difference 
in the level of the position of both kidneys is about 1.5-3.0 cm. Each kidney, but 
only on its anterior surface, is covered with the peritoneum, to which the different 
abdominal organs adhere [1-10]. 

The following organs adhere to the anterior surface of the right kidney 
(Fig. 1.1): 


right suprarenal gland area; 
liver—hepatic area (segment VD; 
duodenum area (descending part); 
small intestine jejunum loops; 
hepatic flexure of the colon. 


The following organs adhere to the anterior surface of the left kidney (Fig. 1.2): 


area of left suprarenal gland; 
stomach area; 

splenic area; 

pancreas area (pancreas body/tail); 
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Fig. 1.1 The adjacent areas of organs to the front surface of the right kidney. 1—Suprarenal 
gland, 2—Hepatic area (segment VI), 3—Duodenal area (second descending part), 4—Hepatic 
flexure of the colon, 5—Jejunum loops of small intestine 


e splenic flexure of the colon area; 
e loops of the small intestine (jejunal area). 


The posterior surfaces of both kidneys are adjacent to the diaphragm, quadratus 
lumborum muscle, major lumbar muscle, transverse abdominal muscle (right kid- 
ney) and the beginning of the aponeurosis of the transverse abdominal muscle 
(lateral side of left kidney) (Fig. 1.3). The average mass of a single kidney is 120- 
200 g. The kidney of an adult man weighs about 150 g and that of an adult female 
about 135 g. The longitudinal dimension of the kidney is between 8 and 12 cm, the 
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Fig. 1.2 The adjacent areas of organs to the front surface of the left kidney. 1—Suprarenal gland 
left, 2—Stomach area, 3—Pancreatic area (body/tail), 4—Splenic area, 5—Splenic flexure of the 
colon, 6—Jejunum loops of the small intestine 


transverse dimension between 5 and 6 cm, and the thickness is between 3 and 4 cm. 
The left kidney may be slightly longer than the right kidney while the right kidney 
may be more round due to radiological diagnosis—such as computed tomography 
and magnetic resonance imaging which give the impression that the right kidney is 
smaller, but more bellied, compared to the left kidney [10, 11]. 
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Fig. 1.3 The adjacent areas of organs to the posterior surface of the a—left and b—right kidney: 
1—Diaphragm, 2—Transverse abdominal muscle, 3—Quadratus lumborum muscle, 
4—Aponeurosis of the transverse abdominal muscle, 5—Major lumbar psoas 


Acquired changes in the position of the kidney are called “nephroptosis”, also 
referred to as a “wandering” or “floating” or “movable” kidney. A movable kidney 
is a condition in which the kidney descends more than two vertebral bodies, or 
more than 5 cm, when changing position from lying to standing. This trouble 
usually occurs in women between 20 and 40 years old and it is likely to affect the 
right kidney 30 times more often. The displacement of the kidney is usually caused 
by perirenal fat reduction due to losing weight (thin people, anorexia nervosa, 
generally all diseases leading to weight loss). In very few cases, lowering the 
kidney can lead to a ureter bending, and thus to symptoms that mimic renal colic or 
frequent inflammation of the urinary tract. Fortunately, in most cases, the dis- 
placement of the kidneys or one kidney downward does not cause any discomfort or 
disease and is usually diagnosed accidentally during radiological examinations. The 
wandering, movable or floating kidney in most people functions properly, which 
means that it does not cause any ailments. Generally speaking, the nephroptosis of 
the kidney is not a contraindication to its possible retrieval and transplantation from 
living and/or deceased donors [1—4]. 
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1.2 The Most Common Congenital Anomalies 
of the Kidney and Urinary Tract 


1.2.1 Anomalies of the Collecting System 


The duplex collecting system or duplication of the renal collecting system is rec- 
ognized in approximately 1:4000 pregnancies and is more frequent in females 
(Fig. 1.4a). It disproportionately affects the left kidney and is bilateral in 15—20% of 
cases. Complete duplication or double/duplicated ureters have two separate pelvi- 
calyceal systems and two ureters that enter the bladder at different points. 
Duplication of the renal collecting system is the most common congenital anomaly 
of the urinary tract. A complete or incomplete duplication of the pelvicalyceal 
system and ureter has different clinical manifestations depending on the height of 
fusion [3, 11-13]. 

An incomplete duplication has two collecting systems that merge between the 
ureteropelvic junction and the urinary bladder, resulting in a single ostium in the 
bladder (Fig. 1.4b). This definition includes the following anomalies. A bifid and 
single ureter. A bifid ureter means that the affected kidney has two separate 
pelvicalyceal systems and two ureters that join together into one ureter before 
emptying into the urinary bladder (Y-shaped ureter) (Fig. 1.4c) and [11-14]. 

An ectopic ureter (see Fig. 1.4d) is a ureter that does not connect properly to the 
bladder and drains somewhere outside of it. In boys the ectopic ureter usually drains 
into the urethra close to the prostate and in girls into the reproductive organs or 
urethra (Fig. 1.4d) [13-15]. 

In the rare case of inverted Y-ureteral duplication, two ureters fuse before 
entering the kidney (Fig. 1.4e). 

A ureterocele is an abnormal dilation of the terminal portion of the ureter, which 
bulges into the urinary bladder or extends to the bladder neck and the urethra; it 
often appears balloon-shaped on cystoscopy or ultrasound examination of the uri- 
nary bladder. It is simply a swelling limited to the end of the ureter as it enters into 
the bladder. The swollen area prevents urine from moving freely into the bladder. 
The urine collects in the ureter and stretches its walls so that it expands like a water 
balloon. A ureterocele can also cause urine to flow backward from the bladder to 
the kidney, which is called vesicoyreteral reflux (VUR) [12, 15]. 

Using kidneys with anomalies of the collecting system for transplantation is 
sometimes a highly demanding surgical procedure, but in high volume kidney 
transplant centers and with a good kidney with anomalies of the collecting system it 
should not be a contraindication for living and deceased donation [11—18]. 
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Fig. 1.4 Classification of duplex kidney anatomy. Compared with a normal kidney (a), complete 
duplication produces a duplex kidney with two poles that drain into two ureters (b). Incomplete 
duplication leads to a Y-shaped ureter (c). Blind ureters do not drain into the bladder (d). In the 
rare case of inverted Y-ureteral duplication, two ureters fuse before entering the kidney (e), 1— 
Ureter(s), 2—Urinary bladder (drawing by E. A. Baranski based on [17] https://doi.org/10.12688/ 


f1000research. 19826. 1) 
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1.2.2 Malformation of the Renal Parenchyma 


Renal dysgenesis is a broad term which can include any form of underdevelopment 
of the kidneys [5, 12, 13, 15]. 


A. Renal agenesis is a medical condition in which one (unilateral) or both (bi- 
lateral) fetal kidneys fail to develop. It is a genetic disorder characterized by a 
failure of the kidney(s) to develop in a fetus. The absence of the kidney(s) and 
the ureter(s) occurs more often in men than in women. The kidney and the 
ureter do not develop because of the complete lack of stimulating signals for the 
differentiation of embryological structures that cause the kidney to grow. 

B. Renal hypoplasia (RH) is an abnormality that a person is born with in which 
one or both of the kidneys are smaller than normal (hypoplastic) but with 
normal structure. Disease severity depends on whether RH is unilateral or 
bilateral and on the degree of reduction in the number of nephrons. 

C. Renal dysplasia (RD) is an abnormal development of the kidney that results in a 
nonfunctional kidney. RD is a form of renal malformation in which the kidney 
(s) are present but their development is abnormal and incomplete. RD can be 
unilateral or bilateral, segmental and/or variable. Renal parenchyma consists of 
disorganized nephrons, a reduced number of nephrons and abnormal cells. 
Unilateral RD is usually asymptomatic. Bilateral RD leads to early renal 
insufficiency. Examples are polycystic kidney disease, multi-cystic dysplastic 
kidneys, obstructive cystic dysplasia and medullary sponge kidney. 

D. Renal aplasia or agenesis of the kidney is an anatomical anomaly where one of 
the kidneys together with the ureter is completely absent [11—18]. 


1.2.3 Congenital Solitary Kidney 


The definition of a “congenital solitary kidney” is that of a person was born with 
one or two kidneys, but only one of which is functioning in the body. The absence 
or severe anomalies of the contralateral kidney are caused by an abnormal devel- 
opment due to—for example—tenal aplasia, severe RD or RH. A congenital 
solitary kidney is often asymptomatic and diagnosed during prenatal ultrasound 
screening. A congenital solitary kidney is usually hypertrophic to compensate for 
the contralateral kidney and can be responsible for a higher incidence or risk of 
vesicoureteral reflux, hypertension, renal insufficiency and progression to end-stage 
renal disease [11-18]. 
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1.2.4 Anomalies of Kidney Migration 


The horseshoe kidney is also known as a “ren arcuatus” in Latin, or as a renal 
fusion or super kidney. The horseshoe kidney is the most common type of fusion 
anomaly, initially described during autopsies by da Carpi performed in 1522: they 
are characterized by abnormalities in position, rotation and vascular supply. 
A horseshoe kidney occurs in about 1 in 500 children during fetal development as 
the kidneys move into their normal position. Horseshoe kidneys are identified as 
having functioning renal masses present on both sides of the vertebral column, 
fused together with ureters that remain uncrossed from the renal hilum to the 
urinary bladder. The isthmus connecting the two renal masses may be positioned in 
the midline or laterally, resulting in an asymmetric horseshoe kidney. In more than 
90% of cases, fusion occurs at the lower poles (Fig. 1.5), although fusion may 
occur at the upper pole in a minority of cases. The horseshoe kidney in contrast to 


Fig. 1.5 Horseshoe kidney. 1—Isthmus connection of two to one renal mass of the lower poles of 
the kidneys, 2—Right side of the horseshoe kidney (“right kidney”), 3—Left side of the horseshoe 
kidney (“left kidney”), 4—Abdominal aorta, 5—Inferior vena cava, 6—Right iliac vessels. In 
about 30% of cases there are constrictions or complete obstruction of pelvic-ureteral connections 
and also in about 30% of cases horseshoe kidneys are supplied with single arteries 
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the normal kidney is usually positioned lower. In 30% of the cases, the lower poles 
of the kidneys are supplied by single renal arteries, in other cases, the vascular- 
ization of the horseshoe kidney is very complex and the arterial blood supply 
consists of a network of small renal arteries deriving from the abdominal aorta, 
common iliac arteries, the inferior mesenteric artery or the median sacral artery. In 
about 30% of cases of the horseshoe kidney, there are disorders of the outflow of 
urine due to the narrowing or closure of the renal pelvis—ureter connections, well 
known as a ureteropelvic junction. When it comes to using the horseshoe kidney for 
transplantation, it is generally believed that as soon as the anatomical structure of 
the kidney allows, it can be donated, procured and transplanted. So far, few 
descriptions have appeared, because only about 40 cases of successful horseshoe 
kidney transplantations have been done throughout the world. In most cases, the 
kidney was taken in its entirety and during preparation for the transplant, it was 
usually separated into two kidneys, cutting the tissues at the site of the growth of its 
lower poles and thus obtaining two kidneys for transplantation [1—4, 19-28]. 

If the anatomy of the kidney does not allow it to be divided and the venous and 
arterial blood supply is not complicated—for example due to the common renal 
pelvis system—the kidney is transplanted in its entirety. In the literature only a few 
cases of successful transplantation of the horseshoe kidney have been described 
worldwide. In this book, I will not accurately describe the procedures for the 
retrieval and preparation of the horseshoe kidney for transplantation for several 
reasons. The first reason is that my personal experience with such a kidney is small 
as it is only based on one procedure. The second reason is that I believe that the 
horseshoe kidney is always a big challenge for the surgeon and besides that a high 
risk for the recipient. If we decide to transplant such a kidney it is necessary to bear 
in mind, first of all, the safety and benefit of the recipient of this kidney. I would 
like to warn young surgical adepts not to think that the procurement, benching and 
transplantation of the horseshoe kidney is a simple operation. If you decide to 
perform such an operation ask a very experienced surgeon from one of the high 
volume centers to help and/or guide you or send this kidney to them [19-28]. 

Renal dystopia or renal ectopia is the displacement of the kidney within the 
retroperitoneum and crossed dystopia is when both kidneys are located on the same 
side of the vertebral column [1—4, 29, 30]. The ectopic kidney is also called a 
“pancake kidney’ and is more common on the left side. Several alternative forms are 
described, such as a sigmoid-shaped kidney mass with the pelvis of the cranial 
kidney passing medially while that of the caudal kidney emerges laterally, or makes 
an L-shape with the caudal kidney lying horizontally or lastly as a renal 
lump. Nephrolithiasis and hydronephrosis due to pelviureteric junction obstruction 
are more common in the crossed ectopic kidney [14] and may influence any 
decision to separate the two kidneys. Developmental vertebral and sacral anomalies 
are commonly associated with crossed ectopic kidneys. 
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Retrieval: The lower part may have an arterial supply from the ipsilateral or 
contralateral common iliac artery [5, 30]. 

Malrotation is abnormal renal rotation, in particular toward anomalous orienta- 
tion of the renal hilum. It may occur unilaterally or bilaterally. It is almost always an 
asymptomatic incidental finding [1—4]. 


1.2.5 Kidney Function 


The four mechanisms which are used in every kidney and which lead to the con- 
version of blood into urine are filtration, reabsorption, secretion and excretion. The 
nephron is a structural and functional unit which consists of three parts: a renal 
corpuscle, renal tubules connecting tubules and a collecting duct system. Each 
nephron connects to a collecting duct. The collecting ducts are shared by nephrons 
and for this reason are not taken into consideration as part of a single nephron [1-4, 
6]. 

The renal corpuscle is located in the renal cortex and composed of two struc- 
tures: the glomerulus and the Bowman’s capsule. A renal corpuscle is also known 
as a Malpighian corpuscle, named after Marcello Malpighi (1628-1694), an Italian 
physician and biologist from the University of Padua [3, 4]. 

The renal tubule portion of a nephron is a long, convoluted structure that 
emerges from the glomerulus. It can be divided into three parts based on function. 
The first part is called the proximal convoluted tubule (PCT), due to its proximity to 
the glomerulus. The second part is called the loop of Henle, or the nephritic loop, 
because it forms a loop with descending and ascending limbs and goes through the 
renal medulla. The third part of the renal tubule is called the distal convoluted 
tubule (DCT); this part is also restricted to the renal cortex (Fig. 1.6). 

The connecting tubule is the last part of the nephron and connects with and 
empties its filtrate into collecting ducts that line the medullary pyramids. 

The collecting duct system of the kidney consists of a series of tubules and ducts 
that physically connect nephrons to a minor calyx or directly to the renal pelvis. The 
collecting ducts accommodate contents from multiple nephrons, fusing together as 
they enter the papillae of the renal medulla. Urine leaves the medullary collecting 
ducts through the renal papillae, emptying into the renal calyces, the renal pelvis 
and finally into the bladder via the ureter(s). A properly functioning human kidney 
is composed of 1—1.5 million nephrons; 20-25% good functioning and undamaged 
nephrons are needed by a person to survive without dialysis [1—6]. 

The basic functions of the kidney are [1, 2, 4]: 


A. Secretory: in principle the removal from the blood substances harmful to our 
health, such as creatinine and urea, uric acid, toxins and drugs, as well as 
substances taken by the body in excess. 

B. Regulatory: which consists in maintaining the balance of the body by affecting 
the volume and composition of body fluids and osmotic pressure, as well as 
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regulating the acid-base balance by concentrating urine and regenerating the 
carbonate buffer. 

Reabsorption: of substances necessary for the body, such as glucose, amino 
acids, organic acids, phosphates. 

Hormonal: when the kidneys secrete renin acts on angiotensinogen, which is 
made in the liver and converts it to angiotensin I. Angiotensin converting 
enzyme (ACE) converts angiotensin I to angiotensin II. Angiotensin II raises 
blood pressure by constricting blood vessels. It also triggers the release of the 
mineralocorticoid aldosterone from the adrenal cortex, which in turn stimulates 
the renal tubules to reabsorb more sodium. Angiotensin II also triggers the 
release of anti-diuretic hormone (ADH) from the hypothalamus, leading to 
water retention in the kidneys. 

Production within the kidney under the influence of a parathyroid hormone 
active form of vitamin D—1.25-hydroxycholecalciferol—and within the native 
substance of certain forms of prostaglandin and kallikrein. Prostaglandins 
together and the kallikrein-kinin system constitute a major vasodepressor 
system. 

Maintaining the water—electrolyte balance by controlling secretion into the 
urine and the reabsorption of electrolytes. These are the following electrolytes. 
Sodium (Na+), important for the proper functioning of muscles (99% of ions 
are absorbed by the kidneys back into the body). Potassium (K+), important for 
muscle function, neurons and blood volume regulation (absorbed back at 60- 
80%). Chlorine (Cl—), regulates the pH of the blood, “watches” over the proper 
conduction of nerve impulses in neurons and muscle cells, and absorbed by the 
kidneys at 90%. Calcium (Ca+), in the human body calcium is one of the most 
important electrolytes, which occurs in striated and cardiac muscle. Calcium 
reabsorption helps Parathyroid Hormone (PTH) through its effects on bone, 
kidney and intestine. Calcium is absorbed at 90%, magnesium (Mg+) is 
absorbed by the kidney at almost 100%. Magnesium is necessary for the proper 
synthesis of about 300 enzymes that interact with phosphate compounds such 
as ATP, ADP, DNA and RNA (Fig. 1.6) [3, 5, 6]. 


At the level of the kidney, there are several hormones that are not produced in the 
kidneys but which help to control their function: 


G. 


H. 


Antidiuretic hormone (ADH) (vasopressin), produced by hypothalamus cells, 
responsible for the resorption of water from the urine, which causes its high 
density. 

Angiotensin II, a hormone produced in the liver, responsible in the kidney for 
the absorption of sodium and chlorine. 

Aldosterone, produced by the adrenal cortex, responsible at the level of the 
kidney for the absorption of sodium and chlorine and the excretion of potassium. 
ANP—atrial natriuretic peptide—is produced by the walls of the atrium of the 
heart under the influence of high concentrations of sodium ions, a large amount 
of extracellular fluid or a large amount of blood; it inhibits the resorption of 
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Fig. 1.6 Microscopic anatomy of the kidney. Anatomy of nephron. LH—loop of Henle. 
Reabsorption in the nephron: Proximal Convoluted Tubule: amino acids—100%, glucose—100%, 
water—70%, sodium—70%, potassium—70%, calcium—70%, phosphate—70%, urea—50%, 
magnesium 30%. Proximal Straight Tubule: phosphate—15%. Thick Ascending Limb: magnesium 
—60%, sodium—25%, calcium 25%, potassium—20%, Distal convoluted tubule: calcium—8%, 
sodium—5%, magnesium—5%, water and urea—unstable, Collecting duct (cortical, medullary, 
inner): sodium 3%, water and urea unstable. Calyx and urinary bladder: phosphate- 15%, magnesium 
—5%, potassium—1—100% (variable), calcium—1%, sodium—1%, water and urea unstable 


sodium and water ions, mainly in the kidney tubules, and leads to their 
increased urinary excretion, causes an acceleration of urine production, inhibits 
the renin—angiotensin—aldosterone (RAA) system by stimulating prostaglandin 
synthesis and reducing ADH release. 


Summary: the seven functions of the kidneys: 
A—controlling ACID-base balance. 

W—controlling WATER balance. 

E—maintaining ELECTROLYTE balance. 

T—1temoving TOXINS and waste products from the body. 
B—controlling BLOOD PRESSURE. 

E—producing the hormone ERYTHROPOIETIN. 
D—activating vitamin D [1-6]. 
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1.3 Blood Flow Through the Kidney—Glomerular 
Filtration [1-6] 


In this section, I would like to recall some of the most important information on 
glomerular flow rate (GFR) that the surgeon should bear in mind. GFR is the value 
of filtration that is now the basis for determining kidney function in terms of their 
suitability for procurement and transplantation. The blood supply to the kidneys is 
very rich and the blood flow is relatively large. Every minute 0.8—1.2 L of blood 
passes through them, that is 20% of the blood pumped through the heart, although 
the kidneys alone represent no more than 0.1—0.5% of the weight of an adult human 
[4-6]. Approximately 10% of the volume of blood flowing through the kidneys is 
filtered through the renal glomeruli, which means that the GFR is correctly about 
80-120 ml/min. This is a very important indicator of normal kidney function or the 
degree of their failure, damage or disability. During the day, about 150 L of 
glomerular filtrate is formed, which undergoes major changes in the renal tubules, 
and about 1.5 L of urine (1% of glomerular filtrate). 

The amount of glomerular filtration can be approximately estimated from the 
serum creatinine concentration using appropriate formulae. 

The simplest of them has the form: 


GFR (ml/min) = 100/serum creatinine (mg/dl) 


One of the most commonly used patterns by doctors is the Cockcroft and Gault 
equation: 


GFR (ml/min) = (140 — age [years]) x body weight [kg]/72 
x serum creatinine (mg/dl) 


For a woman, the result obtained should be multiplied by 0.85. 

Regarding kidney dysfunction, it is worth recalling the classification of the five 
stages of chronic kidney disease (CKD), where at each stage a glomerular filtration 
rate is determined. 


stage 1—normal or high GFR (GFR > 90 ml/min) 
stage 2—early CKD (GFR = 60-89 ml/min) 

stage 3—moderate CKD (GFR = 30-59 ml/min) 
stage 4—severe CKD (GFR = 15-29 ml/min) 
stage 5—end stage CKD (GFR < 15 ml/min). 


The end stage of renal disease occurs in the fifth stage of CKD with a GFR index 
of 15 ml/min or lower. In this case, dialysis or kidney transplantation is necessary 
to keep the patient alive [1—6]. 

We are all aware that in every country in the world there is an increase in the 
number of people waiting for a kidney transplant. The waiting list are everywhere 
growing and mortality is increasing accordingly In recent years, the criteria for 
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acceptance of kidneys for transplantation have been changed. The influence of the 
donor risk factors as a body mass index, donor age, active smoking, arterial 
hypertension glomerular flirtation rate (GFR) of 80 ml/min are not absolute con- 
traindication for kidney donation. In 1999, Eurotransplant established the European 
Senior Transplant Program matching donors and recipients over 60 years of age. To 
help many older dialysis patients above 60 years of age with persistent kidney 
failure, different types of “old for old” programs have been developed worldwide. 
Kidneys from donors over 60 years of age with a good function—this means a good 
GFR—are therefore transplanted as a single organ to recipients of the same age 
group. Kidneys from older donors with low glomerular filtration do not enable the 
recipient to become independent of dialysis when one of the kidneys of these 
donors is transplanted. For old kidney recipients with kidney insufficiency the only 
way to become independent of dialysis is by the transplantation of two kidneys 
which results in an increasing number of well-functioning and filtering nephrons. 
The kidneys come in most cases from donors with a GFR of less than 80 ml/min, 
with advanced atherosclerotic lesions at the level of glomerular arteries and often 
with concomitant other diseases, such as diabetes and hypertension [1-6]. 


1.4 Renal Arteries 


The renal arteries arise on both sides of the abdominal aorta. The right renal artery 
courses inferiorly and passes posteriorly to the inferior vena cava (IVC) and the 
right renal vein to reach the renal hilum. The left renal artery is much shorter and 
arises slightly more superiorly to the right main renal artery. The left renal artery 
courses more horizontally, posterior to the left renal vein, to enter the renal hilum. 
In most cases renal arteries arise from the abdominal aorta inferior to the orifice of 
the superior mesenteric artery (SMA). Sometimes the renal arteries arise from the 
abdominal aorta at the level of or above the SMA. The renal artery on one or both 
sides may arise from the bifurcation of the aorta or from the common and internal 
iliac arteries, the inferior mesenteric artery (IMA), middle sacral artery or a com- 
mon intercostal-renal trunk. The right artery may cross in front of instead of behind 
the IVC. The right and left renal arteries were reported to be at the same level in 
about 30% of cases, while the right was higher in 47% and the left was higher in 
about 23% of cases. A single renal artery on one side and multiple (two, three or 
four) renal arteries on the other is not unusual. There were no reported sex (gender) 
or race related differences. The average length of the renal artery, counting from the 
aorta to its branching, is 25—26 mm; in some cases, every renal artery can be 
divided into numerous branches as soon as it leaves the aorta [29-43]. The average 
length of the right renal artery ranges from 0.5 to 8.0 cm (it is longer than the left 
renal artery). The external diameter of the renal artery is 6-8 mm and the internal 
diameter, depending on the method of measurement, ranges from 5.04 + 0.74 mm 
during ultrasound to 5.68 + 1.19 mm during classical arteriography. The right 
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renal artery usually moves away from the aorta more in front and slightly lower 
than the left. The left renal artery runs backwards from the pancreas body and 
splenic vein, is crossed by the IMA and in most cases is positioned just below and 
behind the upper pole of the renal vein. Each single renal artery gives off the 
following branches: a superior one called the inferior adrenal artery to the 
suprarenal gland, an inferior branch called the ureteral branch to the renal pelvis, 
and the upper ureter and the renal capsular artery. The ureteral branch is divided 
into the inferior and superior branch. The inferior branch supplies the upper ureter 
above the ureteropelvic junction with the testicular or ovarian artery, and the upper 
one supplies the anterior surface of the renal pelvis. It should be noted that in front 
of renal hilum, the branches of the main renal artery arise less than 1.5—2.0 cm from 
the abdominal aorta of the patients who are being evaluated as possible donors, 
because these early branches may make it impossible to perform not only a kidney 
donation, but also an arterial anastomosis during the kidney transplantation. 
Considering the division pattern, a common variant is when the main renal artery 
divides before it reaches the renal hilum. This condition is named the extra-hilar 
branching. Normally, early branching of the renal artery should take place within 
1.5 cm of the renal ostium of the abdominal aorta. It is essential to identify any 
pre-hilar branching that occurs within 2 cm of the exit of the renal artery from the 
abdominal aorta, since most surgeons require at least a 2 cm length of renal artery 
before hilar branching to guarantee satisfactory control and anastomosis. According 
to [30] early branching of the left renal arteries (<2 cm from the aorta) is present in 
21% of cases whereas early branching of the right renal arteries is present in 15% of 
individuals [29, 30]. Each renal artery, which reaches the renal hilum, divides into 
an anterior and posterior branch and these branches divide into segmental arteries 
which supply the five renal vascular segments of the kidney, such as the apical 
(superior), anterior superior, anterior inferior (middle), caudal and posterior. The 
apical and anterior segments form the majority of the anterior surface of the kidney, 
the posterior segment forms most of the posterior surface of the kidney, and the 
apical and inferior vascular segments form the anterior and posterior segments of 
the kidney (Fig. 1.7). Considering the division pattern, a common variant is when 
the main renal artery divides before it reaches the renal hilum [29, 30]. When there 
are two or more arteries with a separate origin, the vessel with the greatest diameter 
is considered as the main renal artery and the rest are branded as accessory or 
aberrant (supernumerary). Additional arteries can, in turn, be divided into two 
categories according to how they attain the kidney: hilar (entering at the hilum 
(accessory)) and polar (reaching at the pole (aberrant)). Renal arteries are, as a rule, 
the single vessels protruding on the right and left side of the abdominal aorta. The 
presence of a single renal artery on the right and left side of the abdominal aorta is 
found in about 70% of the human population, the remaining 30% has more than one 
renal artery. According to [38] when there were many accessory renal arteries, the 
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Fig. 1.7 Left kidney. a—Anterior surface of the left kidney. b—Posterior surface of the left 
kidney. The kidney is divided into five vascular segments: 1—Apical (20%), 2—Superior (33%), 
3—Middle (40%), 4—Posterior (13%) and 5—Inferior (47%). The superior and middle segments 
make up the majority of the anterior surface of the kidney, the posterior segments make up the 
majority of the posterior surface of the kidney and the apical and inferior segments make up the 
anterior and posterior surfaces 


superior accessory renal artery is a separate segment artery and the inferior 
accessory artery is a separate lower segmental artery. About 10% of the population 
has multiple renal arteries that enter the kidney through its hilum (accessory) and 
about 20% enter the kidney parenchyma by passing its hilum (aberrant). Additional 
renal arteries occur unilaterally three times more often than on both sides. The renal 
and accessory renal arteries may branch off from the abdominal aorta, as well as 
from the common, external and internal iliac arteries, the lower mesenteric artery 
and the medial sacral artery. Both the right main renal artery and the accessory renal 
artery can run in front of the anterior surface of the IVC (Fig. 1.8). Classically, the 
renal arteries to the right kidney run behind the IVC, adjacent to its posterior wall. 
Accessory renal arteries reaching the kidney outside its hilum usually depart from 
the aorta or the main trunk of the renal artery. Accessory renal arteries are more 
common on the left side of the abdominal aorta than on the right. Arterial vessels 
supplying the kidneys show a high anatomical variability in their course, which is 
found in almost 40% of the human population. A single renal artery to each kidney 
is present in about 70% of individuals [2]. The division of the main renal artery at 
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Fig. 1.8 Classically, the renal arteries run behind the posterior wall of the IVC. Both the right 
main renal artery and the right additional renal artery may run on the anterior surface of the IVC. 
1—Plexus celiacus, 2—IVC, 3—Left renal vein with normal course, 4—Right gonadal vein, 
5—Abnormal course of the renal artery on the anterior surface of the IVC under gonadal vein, 
6—Caudate lobe of the liver 


the level of the kidney hilum occurs in almost 60% of people. In about 15% of the 
human population, the renal artery after departing from the aorta divides in the 
initial or middle part of the main renal artery. Various arteries can move away from 
the renal arteries, for example: the upper diaphragm, additional hepatic, central and 
lower adrenal, nuclear or ovarian, as well as arteries leaving the pancreas, colon and 
lumbar arteries. Sometimes an accessory renal artery is responsible for the arterial 
supply of the upper pole of the kidney which departs from the diaphragm artery 
[29-43]. 

Renal arteries abound with arteries and anatomical anomalies. As for the number 
of arteries, there is a high variability, as the kidneys can be supplied by one, two, 
three or even more arteries, while accessory renal arteries can move away from 
different arteries throughout the abdomen. Multiple arteries may coexist with other 
uretero-vascular variations such as double or multiple renal veins on the same side, 
or on the opposite side, double or multiple ureters on the same side or on the 
opposite side, or persistence of the fetal renal lobulation on the adult kidney [29]. 
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The number of renal arteries and their unusual and sometimes unexpected course 
should stimulate the surgeon to continuously improve his knowledge about the 
human anatomy and alertness when retrieving the kidneys for transplantation 
deriving from living, donation after circulatory death or brain death donors. 
Especially the living donor kidney requires a very thorough screening before 
donation—regarding not only their function but also their vessels—if we want to 
transplant them without complications. About 20% of the cardiac output to supply 
kidneys, which represents less than 100th of the total body weight, flows through 
the renal arteries to both kidneys [3, 5, 28-39]. 


Warning! 
The number, size and location of the renal arteries and veins, advanced arte- 
riosclerosis or other pathologies of the renal vascular wall may be a contraindication 
to kidney donation and transplantation. 

Remember that if the renal vascularization if very abnormal and complicated, it 
can become a contraindication for kidney donation and transplantation. 


1.5 Renal Veins and IVC Abnormalities 
1.5.1 Renal Veins 


The renal veins are blood vessels that return blood to the heart from the kidney. Each 
kidney is drained by its own renal vein(s) (the right and left renal vein). Each renal 
vein drains into a vena cava inferior (VCI), which carries blood directly to the heart. 
The right renal vein is 2—4 cm long, the left 4-11 cm. The left renal vein crosses the 
abdominal aorta, usually on its front wall, just 1.0-1.5 cm below the beginning of 
the SMA. In most cases, the left renal vein runs horizontally and passes into the IVC 
slightly higher than the right renal vein. The VCI is found in most cases to the right 
side of the abdominal aorta; the left renal vein is longer than the right. Depending on 
sex, the following veins join to the left renal vein: testicular, ovarian, inferior dia- 
phragm vein which drains blood into the left adrenal vein, and in 65.2% of the 
population the lumbar vein. When the left renal vein has a normal course and passes 
into the IVC, it runs along the anterior wall of the abdominal aorta (Fig. 1.8, 3—Left 
renal vein with normal course), the ovarian or testicular vein and adrenal vein always 
pass into it in 100% and the renal-lumbar vein in 65.2% of cases. A right double 
renal vein or duplication of the right renal vein occurs in 29% of the population 
(Figs. 1.9 and 1.10); three right renal veins (Fig. 1.11) are rare and occur in about 
approximately 9.7% of the population. Venous branches on the right side very rarely 
enter into the right renal vein, the ovarian or testicular vein enter into the right renal 
vein in only 3.22% of cases. The kidneys’ purified blood flows through the renal 
veins in the direction of the inferior vena, in order to then be transported to the right 
atrium of the heart [2, 3, 30, 39-52]. 
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Fig. 1.9 Double right renal vein—occurs in 29% of the population. 1 and 2—Renal veins, 3— 
Right renal artery, 4—Ureter 


On the left side, the left renal vein which runs behind the abdominal aorta is 
called a retro-aortic. A retro-aortic left renal vein is located between the aorta and 
the lumbar vertebrae and drains blood in most of the cases into the IVC or left 
common iliac vein. The presence of this variant should be suspected when the left 
renal vein is not found at its physiological location, that is between the posterior 
wall of the superior mesenteric artery and the anterior wall of the aorta (Fig. 1.12a 
—2, b—Type I A). The left renal vein with a retro-aortic course occurs with a 
frequency reported of 0.5 to 3.6%. According to the place of its drainage into the 
IVC, we can distinguish four types of retro-aortic left renal veins: I—it passes 
beyond the aorta and flows into the lower main vein at the same height as the 
normal renal vein (orthotopic position), II—it has a retro-aortic course and escapes 
into the IVC at the level of L4—L5, I—before exiting the kidney it is distributed 
and runs both at the back and front of the abdominal aorta, [V—it enters into the 
common left iliac vein. There are three different anomalies where the left renal vein 
passes behind the aorta [53-56]. 
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Fig. 1.10 Right double renal vein—occurs in 29% of the population. 1—Right kidney, 2—Right 
renal artery, 3 and 4—Two renal veins from the right kidney, 5—Inferior vena cava 


The retro-aortic left renal vein passes behind the aorta but is otherwise at the 
same level as an anterior placed vein would be expected, as mentioned above 
(Fig. 1.12a—2, b—A). 

The oblique retro-aortic left renal vein passes obliquely behind the aorta to enter 
the IVC on the left side above the confluence of the common iliac veins 
(Fig. 1.12B) [29]. 
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Fig. 1.11 The three renal veins are very rare in about 9.7% of the population. Transplanted right 
kidney with three veins on a patch from the IVC. 1, 2 and 3—Three veins to the right kidney, 
4—IVC patch, 5—The main trunk of the right renal artery 


Regarding the circum-aortic left renal vein (Fig. 1.12, bottom drawing C), the 
most common abnormality is the presence of an additional tributary, which origi- 
nates from the main left renal vein at the left lateral edge of the aorta and passes 
obliquely to the IVC; the two renal veins, thus, encircle the aorta. Based on my 
experience, there is often a lower pole artery to the right kidney passing in front of 
the cava associated with this anomaly [29]. The most common urological symptom 
of retro-aortic left renal vein is hematuria. The major etiology of urological 
symptoms is compression of the left renal vein between the abdominal aorta and 
vertebrae: the so-called posterior nutcracker syndrome [29]. 

Bergman et al. [33, 34] in their articles on renal vascular anatomy, based on the 
study of human corpses, concluded that the renal veins have less variation in their 
number and places of departure than renal arteries. Renal veins are usually single 
vessels, but may divide into several vessels at the exit of the kidney. The renal veins 
show less variation than the renal arteries and the right renal vein may be double or 
multiple, even though the left renal vein is usually single [30, 33, 34, 39-52]. 
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Fig. 1.12 (a) Top picture: Retro-aortic course of the left renal vein, 1—Open anterior wall of the 
abdominal aorta—visible opening of the left renal artery, 2—Left renal vein with preaortic course, 
3—Cut posterior wall of the aorta to expose the aortic course of the left renal vein, 4—Left kidney, 
5—Right kidney, 6—Right kidney’s ureter, 7—One of the very thin branches reaching the left 
renal vein. (b) Bottom drawing: Left renal vein anomalies: A—tetro-aortic (Type I), B—oblique 
retro-aortic (Type II), and C—circum-aortic (Type III) (drawing by E. A. Baranski based on [56] 
https://doi.org/10.1111/ajt.13310) 
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1.5.2 The Most Common Anomalies of IVC 


(a) The absence (agenesis) of the inferior vena cava—a rare anomaly. However, 
lower extremity tropic ulcer with or without prior deep vein thrombosis 
(DVT) seems to be a consistent finding in later stages of this condition. 

(b) Duplication of IVC occurs as a result of persistence of both supracardinal veins 

forming duplicated infrarenal IVC. The right and left IVC is observed in a 

prevalence of 0.2-3.0% of the population—in this case the left IVC usually 

enters into the left renal vein, which crosses anteriorly to the aorta in the normal 
fashion to join the right IVC. The IVC may lie on the left side, crossing to the 
right at the level of the left renal vein. Alternatively, the main IVC may lie in 
the normal position, but there is a left-sided IVC, often much smaller, which 

persists, draining the left iliac veins to the left renal vein. Less commonly, a 

double IVC exists, but with both lying to the right, or partly behind, the aorta 

[58, 59]. The presence of these IVC anomalies should not affect retrieval or 

implantation, but knowledge of them will aid recognition (Fig. 1.12 bottom 

drawing B and C). A left-sided IVC is a rare anatomical variation that has 
significant surgical implications. Preoperative identification with imaging 
modalities is critical in preventing unexpected surgical complications. 

Left-sided location of the IVC is observed in about 0.4—0.5% of the population. 

The typical endpoint of a left-sided IVC is at the level of the left renal vein, 

where it crosses anteriorly to the aorta to form a normal right-sided (Fig. 1.13 

top picture—4, 5, 6, bottom drawing—A and B) IVC. A left-sided IVC is a rare 

anatomical variation that has significant surgical implications. Preoperative 
identification with imaging modalities is critical in preventing unexpected 
surgical complications. 


(c 


< 


Anatomical anomalies occur in the complex process of embryogenesis, which 
takes place in between the sixth and tenth weeks of gestation. In the embryogenesis 
of the IVC, three pairs of venous systems are involved: the posterior, subcardinal 
and supracardinal veins. The subcardinal veins form a part of the IVC, renal veins 
and gonadal veins The supracardinal veins form part of the IVC, the intercostal 
veins, hemiazygos vein and azygos vein. Most of the anomalies of the IVC are 
asymptomatic. However, cases of venous thrombosis and pulmonary embolism due 
to IVC anomaly have been reported in the literature. Variations of the IVC and thus 
the unusual location of the renal veins can sometimes make it difficult to procure 
kidneys from living and/or deceased donors, as well as the decision to transplant 
them. Preoperative identification with imaging modalities is critical in preventing 
unexpected surgical complications [59, 60]. 
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Fig. 1.13 (a) Top picture: Left-sided location of the IVC. Picture taken during left kidney 
donation from a living donor. This anomaly is very rare and applies to about 0.5% of the human 
population. 1—Left kidney, 2—Left adrenal gland, 3—Adrenal vein, 4—IVC, 5 and 6—Two left 
renal veins. (b) Bottom drawing: Anomalies of the IVC: A—Left sided, B—Duplicated and 
present on the right and left side of abdominal aorta, C—Duplicated branches on the right side— 
right side double IVC (drawing by E. A. Baranski based on [56] https://doi.org/10.1111/ajt.13310) 
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1.5.3 Renal Lymphatic Vessels 


We begin with three plexuses, around the renal tubules, under the renal capsule and 
in the perirenal fat. Collecting vessels from the intrarenal plexus form four or five 
trunks which follow the renal vein to the end in the lateral aortic nodes. The 
perirenal plexus drains directly into the same nodes [2, 3]. Renal lymphatic vessels 
of the right kidney drain into lymph nodes located between the IVC and aorta 
lateral paracaval nodes and anterior and posterior IVC lymph nodes. They also 
drain towards the diaphragm and downward to the common iliac lymph nodes. The 
lymphatics of the left kidney drain into the lateral paraaortic lymph nodes. They 
also drain upward towards the diaphragm and downward to the lymph nodes 
associated with the IMA [2, 3]. 


1.6 Ureter—Anatomy, Structure, Function 
and Vascularization 


Ureters arise as a continuation of the renal pelvis and terminate in the pelvic cavity. 
The ureter is thin, its diameter is about 3—4 mm and is about 26-30 cm long. It is 
mostly located on both sides of the vertebral column and it connects the kidneys to 
the urinary bladder. The muscular layers of the ureters contract and cause conse- 
quently peristaltic waves which are responsible for moving the urine from the 
kidney into the urinary bladder. The ureters begin at the ureteropelvic junction 
(UPJ), which lies posteriorly to the renal vein and the artery in the hilum. 
Afterwards they travel extraperitoneally on the posterior side of the abdominal 
cavity and terminate in the urinary bladder mouths, which are part of the bladder 
triangle [2—6, 9, 10]. The blood supply to the ureter is segmental (Fig. 1.14). The 
upper ureters closest to the kidneys receive blood directly from the renal arteries. 
The middle part is supplied by the common iliac arteries, branches from the 
abdominal aorta and the gonadal arteries. The most distal part of the ureter receives 
blood from branches of the internal iliac artery. The ureter process over the com- 
mon iliac arteries, showing the anatomical landmark of the bifurcation of the 
common iliac vessels into internal and external. The arterial supply will course 
along the ureter longitudinally creating a plexus of anastomosing vessels. This is of 
clinical significance because it allows safe mobilization of the ureter during surgery 
when proper exposure from surrounding structures is crucial [2—5, 9, 10]. 

The venous and lymphatic drainage of the ureter mirrors that of the arterial 
supply. The lymphatic drainage is to the internal, external and common iliac nodes. 
The lymphatic drainage of the left ureter is primarily to the left para-aortic lymph 
nodes while the drainage of the right ureter primarily drains to the right pericaval 
and inter-aortocaval lymph nodes. 

There are three specific areas of narrowing along the ureter. The first is the 
UPJ. This is the area where the renal pelvis becomes narrower into the proximal 
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Fig. 1.14 Blood supply of ureter. 1—Renal artery, 2—Gonadal artery, 3—Abdominal Aorta, 4— 
Common iliac artery, 5—Internal iliac artery, 6—Superior vesical artery, 7—Uterine artery in 
female, 8—Middle rectal artery in male, 9—Vaginal artery in female, 10—Inferior vesical artery 


ureter. The second region of narrowing occurs where the ureter crosses the iliac 
vessels (pelvic brim). The narrowing is due to the extrinsic compression of the iliac 
vessels on the ureter and the angle of the ureter as it enters the pelvis. The 
ureterovesical junction at the intravesical course (0.5-1.0 cm) with diameter 3- 
4 mm or UVJ is the third site of ureteral narrowing. A retrospective study of 94 
patients presenting to the emergency department for colic found that 60.6% of 
stones were located at the UVJ [3, 5]. 

Always check the kidneys for stones before (via an echo), during the kidney 
procurement and inspection. 
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The ureters have specific anatomic relationships depending upon the side of the 
body. The right ureter lies in close relationship to the ascending colon, cecum and 
appendix. The left ureter is close to the descending and sigmoid colon. 

The nomenclature of the ureter is based on its anatomic relationship to sur- 
rounding structures. The abdominal ureter is the segment of the ureter that extends 
from the renal pelvis to the iliac vessels. The pelvic ureter extends from the iliac 
vessels to the bladder. There is an alternative method of ureteral nomenclature: 
upper, middle and lower segments. The upper ureter extends from the renal pelvis 
to the upper border of the sacrum. The middle ureter continues from the upper to 
lower borders of the sacrum. The distal ureter continues from the lower border of 
the sacrum to the bladder. 

In the middle region, at the level of the fourth lumbar vertebra (L4), the ureters 
cross the gonadal vessels—testicular in men, ovarian in women. The most common 
causes of ureteral injury are iatrogenic. The overall incidence of iatrogenic ureteral 
injury varies between 0.5 and 10%. The most common type of procedure respon- 
sible for iatrogenic injury to the ureter is a hysterectomy. 

For a double ureter—the incidence found on autopsy is 0.3-2.5% [61]. The 
presence of this condition, if unknown preoperatively, can greatly compromise the 
outcome of conduit surgery. Careful examination of preoperative imaging studies is 
essential for the recognition and management of the duplicated ureter. 

Pacemaker cells that initiate renal pelvic and ureteric peristalsis are situated in 
calyces. These allow coordinated peristalsis of the ureter about six times per minute. 
Ureteral peristalsis also persists after transplantation or denervation, the sponta- 
neous activity also occurs in the ureteral segments isolated in vitro. Normal ante- 
grade peristalsis also continues after cutting a piece of the ureter and turning it in 
the intersecting direction, i.e. peristaltis of the ureter always takes place from the 
renal pelvis to the end of the ureter. These findings lead to the conclusion that 
ureteral peristalsis is not dependent on innervation [2—4]. 


1.7 Urinary Bladder—Position, Anatomy, Function 
and Arterial Blood Supply 


1.7.1 The Position of the Bladder 


The bladder is located in the smaller pelvis, retroperitoneally, posterior to the 
symphysis pubis. In men it lies between the symphysis and rectum, and in women 
between the symphysis and vagina [2—5, 9, 10, 61]. 
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1.7.2 Anatomy 


The anatomical structure of the bladder includes: the apex (apex vesicae), the body 
(corpus vesicae) and the bottom (fundus vesicae). The top of the bladder faces up 
and forward and the bottom faces back and down. From the inside, the bladder wall 
is made up of the mucosa, submucosa, three-layer muscle and connective tissue 
adventitia. From the top the bladder is covered with the parietal peritoneum. The 
first inner layer, the mucosa, is folded with the exception of the area known as the 
“trigone of the bladder”, which does not have a submucosa [2-6]. 


1.7.3 Function 


When empty, the bladder is about the size and shape of a pear but the shape and size 
of the bladder depends on the degree of its filling. Urine is made in the kidneys and 
travels down through two tubes called ureters to the urinary bladder. The bladder 
stores urine, allowing urination to be infrequent and controlled. The bladder is lined 
by layers of muscle tissue that stretch to hold urine. The normal capacity of the 
bladder is 400-600 ml. During urination, the bladder muscles squeeze, by two 
sphincters and the valves open to allow urine to flow out. Urine exits the bladder 
into the urethra, which carries urine out of the body. Because it passes through the 
penis, the urethra is longer in men (20 cm) than in women (3.5 cm). A central 
nervous system response is usually triggered when the volume reaches 400 ml and 
is perceived as the sensation of bladder fullness and the need to void [2, 3, 8]. 
With an empty bladder, its wall may be up to 1.5 cm thick, while when the 
bladder is full, the wall thickness is reduced to 0.3—0.4 cm. When the bladder 
contains a small amount of urine, the epithelial cells overlap due to their mobility, 
which allows the bladder wall and mucosa to be significantly stretched while filling, 
preventing it from being damaged. The walls of the bladder stretch a lot and in 
pathological conditions such as an enlarged prostate or obstruction of the urethra, 
the bladder can hold up to 2-3 L of urine. The empty bladder is completely hidden 
in the lesser pelvis behind the symphysis pubis, in front of the uterus in women and 
in front of the rectum in men. When the bladder is empty, its walls are sunken and 
the distance and thereby the space between them is significantly reduced. As urine 
collects, the bladder walls diverge and stretch and the most stretchy front part rises 
to form a bulge. The bladder then takes a spherical or, more precisely, oval shape, 
extending beyond the higher edge of the symphysis and touching the anterior 
abdominal wall. The inside surface of the bladder that can be examined by cys- 
toscopy is yellow and pink; with an empty bladder it is very crosswise folded, while 
with a full bladder it is completely smooth. There are three openings at the bottom 
of the bladder: one in front—the inner opening of the urethra, and two in the back 
(left and right)—urethral openings. The muscle layers of the bladder are very well 
developed and form the detrusor muscle whose contractions are essential for 
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effective urination. Around the inner opening of the urethra is the bladder sphincter 
muscle, which relaxes during the act of urinating, allowing urine to flow from the 
bladder into the urethra (this muscle is voluntarily controlled). The outer layer of 
the bladder is the connective tissue that covers the bladder in areas devoid of the 
parietal peritoneum. The peritoneum is adjacent to the upper and posterior surfaces 
of the bladder and the outer membrane is absent there [2, 3, 5, 9]. 

Arterial vascularization of the urinary bladder comes from the following arteries: 
internal vaginal in women, superior vesicular in men. In fact, the urinary bladder is 
vascularized by the superior bladder arteries (which depart from the umbilical 
arteries, which in turn depart from the internal iliac arteries) and the inferior bladder 
arteries, which depart directly from the internal iliac arteries. The arterial blood 
supply of the urinary bladder consists mainly of the superior and inferior vesical 
arteries which directly or indirectly arise from the internal iliac artery. The veins 
drain into the internal iliac vein. The lymphatic vessels carry the lymph to the 
various iliac nodes [2-6]. 


1.8 Conclusion 


Perfect command of the basic knowledge of the anatomy and physiology of the 
human urinary system is a good start to develop your interest in the procurement 
and transplantation of human kidneys. 
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Chapter 2 A 
Non-Laparoscopic Kidney Procurement Eg 
Techniques from Living and Deceased 

Donors 


2.1 Introduction 


In the Transplant Centre in Leiden, the Netherlands where I work, patients who 
want to donate a kidney to their loved ones can choose from two surgical methods 
of kidney donation: the mini-incision Non-Muscle-Splitting Mini Open Donor 
Nephrectomy (MINI) surgical technique during which the skin incision is made 
along the lateral side of the abdominal rectus muscle starting about 2-3 cm below 
the costal arch for about 10 cm (extraperitoneal approach) or a laparoscopic donor 
nephrectomy (LDN) in which kidney procurement in our clinic is performing 
according to international standards through an intraperitoneal approach [1]. In a 
polyclinic which is specially designed for this purpose, each donor, recipient and 
their families who have successfully passed the screening have a discussion with 
the transplant surgeon and nephrologist. However, in this discussion the surgeon 
and nephrologist carefully explain each surgical technique’s advantages and dis- 
advantages; the final choice is left to the kidney donor. From my experience, I can 
say that most patients immediately choose—after a short surgical explanation—one 
of these two surgical methods of donation, though there are also patients who want 
to think a little bit longer about the methods and discuss it at home with their family 
and/or the recipient. For the living kidney donors who need a period of time for 
consideration, we advise them to inform the hospital about their decision no later 
than two weeks before the surgery. In case of questions concerning the surgical 
procedure they can make another appointment with a transplant coordinator or 
surgeon in the form of a telephone consultation or a direct polyclinic visit to have a 
“face to face” conversation with a surgeon. In this chapter I will not describe the 
surgical techniques of laparoscopic kidney procurement from a living donor, 
because I have no experience in this subject, but I will describe the open method. At 
the Leiden University Medical Center we performed more than 400 kidney dona- 
tions to the great satisfaction of the donors and recipients. Our centre has been using 
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MINI (Mini Incision Non-Muscle-Splitting Mini Open Donor Nephrectomy) as a 
surgical technique since 1997. The MINI technique is unique due its non-muscle 
splitting, retroperitoneal approach through the anterior abdominal wall. For more 
than a decade, this technique has been used in parallel to full LDN in our center. 
I would now like to quote very briefly (at the time of writing, not yet published) the 
results of the study carried out by doctor L. J. M. Habets under the supervision of 
Dr. V. A. L. Huurman from our department, in which they compare MINI and LDN 
surgical techniques performed over a period of nine years. The aim of this study 
was to assess the results and safety of the MINI technique for donors when com- 
pared to the current gold standard of LDN in short-term (< 30 day) complications, 
as graded by the Clavien—Dindo Classification. All living kidney donors at the 
Leiden University Medical Center (LUMC) between 2011 and 2019 were analyzed 
(642 donors: 287 MINI and 355 LDN). Earlier open nephrectomy procedures were 
excluded to minimize time-related effects. In a multiple regression analysis, MINI 
was not associated with higher Clavien—Dindo classification complications or 
prolonged hospital stays. The MINI technique was associated with more blood loss 
(275 + 382 ml vs LDN 136 + 201 ml, p < 0.001) but also with shorter operating 
times (175 + 40 min vs LDN 187 + 41 min, p < 0.001) and shorter warm 
ischemic times (100 + 56s vs. LDN 296+ 117 s, p < 0.001). One-year 
post-operative kidney function (eGFR) was not significantly different between 
MINI and LDN donors (57.1 vs. 56.6 ml/min/1.73 mî, p = 0.648) [1, 51]. 
However, I try to be objective and neutral in my judgments, I am not an advocate 
for the laparoscopy method. Although this method has dominated almost the 
“whole market” of kidney donation from living donors worldwide, it has not only 
advantages—as it sometimes seems—but also (unfortunately) many disadvantages. 
In 1997, when we started the living kidney donation and transplant program at 
LUMC, it had already been in existence in Leiden for a very long time. The first 
kidney donation and transplantation from a living donor in the Netherlands was 
performed in Leiden in 1966. The only problem was that donation was still carried 
out using anterolateral oblique or posterior lumbotomy incision, which did not 
encourage potential donors. If you want to describe the whole situation in a few 
words, you could say that the kidney was donated to someone who was very 
important to the donor and who was not frightened by not only the quite high risk of 
major surgery, but also the scarring following the kidney removal. When the family 
transplant program was born in the 1960s, the need for such transplants was lower 
and the waiting time for a cadaver kidney transplant was much shorter. The living 
donation and transplant operations were therefore performed irregularly and society 
was at that time—generally speaking—very cautious about the living kidney 
donation. In the 1990s the number of dialyzed patients increased sharply and thus 
the number of patients awaiting transplantation increased. Unfortunately the 
number of deceased donors did not increase, which contributed to the fact that the 
demand for kidney transplantation increased significantly. The waiting time for a 
kidney transplant increased for this reason to more than five years for unimmunized 
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patients and for highly immunized patients it became almost unpredictable. The 
mortality rate of those on the waiting list for transplantation began to increase 
dramatically. The only logical move for the Dutch Transplant Society together with 
the Dutch Transplant Foundation and the Dutch Government was to start a strong 
campaign for family donation among patients and in the media. After about three to 
four months of a very intense campaign, people slowy began to contact hospitals 
with questions and to ask about the conditions which they must fulfill in order to 
donate their kidney to their loved ones. At that time we—as transplant surgeons— 
were looking for the best surgical methods for the donation, so that we would no 
longer have to scare off any donor with huge incisions and a long hospital stay. 
In the 1990s, three surgical techniques were popular for removing kidneys from 
living donors: The minimally invasive method, in which a kidney is removed 
through a small incision; the laparoscopic method; and the traditional large incision 
through the back (dorsal lumbotomy). Laparoscopic donor kidney nephrectomy 
was becoming increasingly popular, but the number of complications and other 
inconveniences associated with this method at the time meant that we eventually 
decided to start a programme using a specially developed small incision mini 
invasive surgical technique (MINI) with extra-peritoneal access. Finally, we deci- 
ded in our center to choose the open retroperitoneal, minimally invasive surgical 
technique (MINI) as our standard for living kidney donation. Six months after 
incorporating this method, we were assured of good results and the safety of the 
donor and the recipient on the operating table. When we used the professional 
abdominal retractor from the LUMC Medical Devices Department with specially 
modified blades, the method seemed not very complicated, easy to learn, though 
challenging because of the small incision. However, it provides the possibility of 
donation with more than one renal vessel. The MINI-method which we have chosen 
was and is in my personal opinion a fast method which is not only well tolerated by 
the donor, but also safe for him or her. We have to remember that living related 
kidney donation and transplantation consists of two operations with two aims. 
There is the so-called donor wish to survive and the recipient wish to obtain the best 
kidney that will start working immediately in order to avoid further dialysis. To 
speak briefly, the kidney donor and recipient have to be satisfied after the operation. 
After 20 years of experience in donation and transplanting kidneys from living 
donors, I will try to create a definition of a successful or even ideal vision of a living 
related kidney transplant program. Usually after a living related kidney transplant 
neither the donor, the recipient, nor their families ask about the method of surgery, 
the size of the incision or how long the surgery took. In most cases (99%), the 
donors are very pleased that they survived the operation. They ask about the quality 
of the donated kidney and the kidney recipient, whether the kidney has been 
transplanted with success and whether it has taken up its function (urine secretion 
and blood filtration) and whether everything went as expected. The recipient is 
interested in whether the donor survived or had complications, about new kidney 
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function and how soon he or she will be able to go home. As I have already 
mentioned, we took the first kidney out using this method in April 1997. 

For more than ten years we have been offering potential kidney donors two 
surgical techniques—i.e. the laparoscopic technique and the open kidney technique 
—and have been presenting them with the pros and cons in a neutral and fair way. 
From one to ten years ago, many people chose the retroperitoneal access. But 
nowadays, after my careful observations for the last 20 years, I am not really able to 
tell if there any significant differences—in terms of the length of stay in the hospital, 
the length of convalescence, the amount of pain medications used and so on—in the 
groups of patients who were operated via one or the other technique. However, if 
we look at the “financial picture” there is one big difference: the price of the 
procedure. This is incomparably higher if the kidney is taken from a living donor by 
the laparoscopic method and it is even more expensive when removed by a robot. 
The other differences are related to the duration of the operation which is much 
shorter in the case of the method of open kidney donation with many vessels, and 
the time of the first warm ischemia (the time from the closing of the renal artery to 
the beginning of the kidney rinsing) which is much shorter in the case of the open 
method (60-150 s vs. 240—400 s) [1, 51]. Conversations with potential kidney 
donors provided me with a lot to think about how medical companies shape the 
market. Various popular scientific journals, articles, interviews, films and on social 
media convince the population and thus also current and past donors to choose 
extremely expensive surgery. It is understood that young people (especially young 
women) choose the laparoscopic method for cosmetic reasons because of the small 
scar due to a cut of a few centimeters though it can be hidden behind underwear. 
However, I would like to quote an article written by my colleagues from Rotterdam 
in this regard. From May 2001 to September 2004 data on all living kidney 
donations and transplantations were collected. Fifty-one donors underwent 
mini-incision, muscle-splitting open donor nephrectomy (MIDN) and 49 donors 
underwent laparoscopic donor nephrectomy (LDN). The median incision length in 
MIDN was 10.5 cm. In two patients LDN was converted to open. MIDN resulted in 
significantly shorter warm ischemia and operation time (2.5 vs. 6.5 min and 157 vs. 
240 min respectively). During MIDN, donors had more blood loss (200 vs. 120 ml, 
P = 0.02). Disposables used for MIDN were cheaper (328 vs. 1784 euros). In the 
LDN group four (8%) major intra-operative and two (4%) major postoperative 
complications occurred versus no major complications in the MIDN 
group. Morphine requirement, pain and nausea perception and time to dietary intake 
did not significantly differ between the groups. Following MIDN, donors were 
discharged later (four vs. three days, P = 0.02). Transplantation of kidneys pro- 
cured by either approach led to a similar decline in serum creatinine throughout the 
first year. One-year graft survival was 100% following MIDN and 86% following 
LDN (P = 0.005) [29]. 

In this chapter I would like to share with readers my knowledge about the 
surgical techniques that I performed and checked myself, and which I and my team 
of surgeons invented and modified. This method is probably a compilation of older, 
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previously existing surgical techniques, but which have been significantly modified 
by our team. 

In this chapter I will not describe the technique of flushing the organ using a 
special catheter with two balloons, the triple lumen catheter (DBTLC), introduced 
into the aorta through one of the femoral arteries and the whole technique of 
determining its best position, filling balloons, and so on. We used this technique for 
some weeks, but I should inform you that the DBTLC was problematic as in most 
cases there was bending and/or bad positioning. The abdominal organs, including 
the kidneys, were not always very well perfused and washed out, so we quickly 
changed our procurement technique. For over 20 years we have been using for 
every kind of deceased donation the technique of rapid, massive internal (with a 
large bore cannula) and external cooling which, briefly speaking, consists of the 
following steps: opening of the abdominal cavity, aortic cannulation, decompres- 
sion of the IVC, abdominal organ perfusion with cold preservation solution under 
pressure and external cooling. I am convinced that the decision to stop using the 
balloons for multi-organ donation was correct. I also consider that by stopping the 
DBTLC technique we did the right thing, as evidenced by the very good results of 
our work, which defend themselves in terms of the quality of the procured and 
transplanted organs. 


2.2 Surgical Technique of Kidney Procurement During 
Multiple Organ Donation from Donation After Brain 
Death (DBD) and Donation After Circulatory Death 
(DCD) Donors 


2.2.1 Introduction 


I described the surgical technique of kidney procurement in my previous book, 
published worldwide by Springer in 2009, entitled “Surgical Technique of 
Abdominal Organ Procurement, Step-by-step”. There I described most important 
steps of kidney procurement from deceased donors—the so-called “donation after 
brain death (DBD)” and “donation after circulatory death (DCD)”. 

In 1995, at a conference in Maastricht (the Netherlands), for the first time in 
Europe, the definitions of donors after cardiac or circulatory death were officially 
established on the basis of clinical and legal grounds. This convention has been 
adopted all over the world and currently classifies donors after cardiac death 
according to the clinical situation into the following categories [2, 3]: 


A. Uncontrolled categories: 


I. The donor died at the time of admission—an uncontrolled situation. 
II. Donor died after ineffective cardiopulmonary resuscitation. 
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B. Controlled (c-DCD) categories: 


If. Donor with severe irreversible brain damage, for donors in whom the brain 
has been severely damaged, but the donor has not yet met all of the official 
criteria for brain death. The doctors stop the life-supporting treatment and 
wait for the heart to stop beating before they start to remove the organs—a 
controlled situation. 

IV. Donor with symptoms of brain death who has had sudden cardiac arrest. 

V. The donor died in hospital after irreversible cardiac arrest because of a 
euthanasia procedure (category added in 2000). 


Donation (donor) after circulatory death (DCD) has become an accepted practice 
in many countries and remains a focus of intense interest in the transplant com- 
munity. Controlled DCD (c-DCD) refers to donation from persons whose death has 
occurred following the decision to withdraw life-sustaining therapies (WLST) 
which are no longer considered in the best interests of the patient. Countries with 
DCD activity are: Austria, Belgium, Czech Republic, France, Ireland, Israel, Italy, 
Latvia, Lithuania, the Netherlands, Norway, Poland, Portugal, Russia, Spain, 
Sweden, Switzerland and the United Kingdom. Countries planning to start a DCD 
program are: Bulgaria, Croatia, Denmark, Hungary, Moldova, Romania, Slovak 
Republic, Slovenia and Turkey. Countries with no present or planned DCD activity 
are: Armenia, Belarus, Cyprus, Estonia, Finland, Georgia, Germany and Greece. 
Member states with DCD programs controlled and uncontrolled are: Austria, 
Belgium, Czech Republic, France, Italy, the Netherlands, Spain and Switzerland. 
Those with controlled only DCD are: Ireland, Norway, Sweden and the United 
Kingdom. Those with uncontrolled only DCD are: Israel, Latvia, Lithuania, Poland, 
Portugal and Russia. DCD is an effective means of expanding the potential donor 
pool and has a comparable transplantation survival to donation after brain death 
despite the higher rates of primary non-function and delayed graft function. 
Countries with successfully implemented DCD programs have achieved this pri- 
marily through the establishment of national ethical, professional and legal 
frameworks to address both public and professional concerns regarding all aspects 
of the DCD pathway [1-3, 20-22]. 

At the time of multiorgan retrieval, the kidney is the last organ removed from the 
abdominal cavity. Please remember that kidneys are located deep in the retroperi- 
toneal space and, especially in obese people, due to the thick layer of fat sur- 
rounding them, at the beginning of multiorgan donation, they cannot be practically 
examined and assessed in terms of their suitability for transplantation. After 
opening the abdominal cavity, and even during perfusion of the abdominal organs, 
it is practically impossible to thoroughly inspect the kidneys and comment on their 
quality, for example, on the presence of infected and uninfected cysts, tumors, 
anatomical anomalies, quality of perfusion, number of arteries supplying each 
kidney or the number of renal veins or ureters. In short, each kidney can only be 
assessed for transplant suitability after it has been procured, inspected just prior to 
packing (using classic static cold storage—CS) or putting it on the cold pulsatile 
hypothermic machine perfusion (HMP), and in both methods shipping as quickly as 
possible to the recipient’s hospital [3—22]. 
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Later in this chapter I will describe the most common situations when the 
kidneys are procured after the pancreas and liver. If the bowels have not been 
retrieved for transplantation, they are mobilized, their mesentery is closed and cut 
with a stapler below the uncinate process of the pancreas, and the colon with the 
small bowel are placed on the donor’s thighs outside the abdominal cavity. After 
the pancreas and liver, or pancreas with the liver (“en-bloc” or after splitting the 
arterial blood supply in the donor body), are removed, the following organs and 
structures are found in the abdominal cavity: kidneys, ureters, renal arteries and 
veins, female uterus and ovaries, urinary bladder, abdominal aorta and IVC, along 
with iliac arteries and veins. Thanks to the professional surgical abdominal 
retractor, the operating field remains stable throughout the operation. 

Now I will briefly state the most important surgical steps required during multiple 
abdominal organ procurement, which must take place before kidney retrieval [20—45]: 


1. The abdominal cavity and sternum are opened with a median incision from the 
neck to the pubic bone. 

2. The abdominal organs are mobilized. 

3. The aorta and the IVC are dissected and cannulated close to their bifurcations, or 
the aorta only is dissected close to its bifurcation. 

4. The whole system before perfusion can be decompressed in two ways: 


a. by almost complete transection of the inferior vena cava (IVC) at the level of 
the right atrium of the heart (Fig. 2.62) or 

b. by removing the clamp from the drain previously inserted into the [VC’s 
lumen (Figs. 2.1, 2.2, 2.52, 2.63) or 

c. by IVC transection at the level of its bifurcation and putting suction into the 
IVC’s lumen (an emergency situation) 


and then perfused with a cold preservation solution (internal cooling). 


5. The external cooling of abdominal organs consists of sterile crushed ice and a 
chilled Ringer’s solution or saline, inserted into the abdominal cavity which, 
after warming or melting, are replaced regularly. 

6. The duodenum is cut off and closed with a stapler on the border between the 
Treitz ligament and the small intestine and on the border between the stomach 
and the duodenum at the level of the pyrolus or a little above it. 

7. The stomach and esophagus up to the diaphragm are freed very close to their 
walls from the surrounding tissues along the minor and major curvature of the 
stomach and esophagus wall up to the diaphragm, the stomach is then moved 
out of the abdominal cavity to the chest. 

8. The small intestine is cut off and closed with a stapler on the level of the Treitz 
ligament and together with the large intestine moved beyond the abdominal 
cavity and placed below the pubic bone between the donor’s thighs (Figs. 2.1 
and 2.2). 

9. The left renal vein is cut off from the IVC before liver and pancreas procurement 
(Figs. 2.3 and 2.4). 
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Fig. 2.1 Multiple organ procurement of the abdominal and thoracic organs. The heart and lungs 
were retrieved from the chest. The liver and pancreas were moved from the abdomen. 1—The 
stomach is cut off and closed with a stapler at the pylorus level and moved beyond the abdominal 
cavity to the chest. 2—The small intestine is cut off and closed with a stapler at the level of the 
Treitz ligament and together with the large intestine moved beyond the abdominal cavity and 
placed below the pubic bone between the donor’s thighs. 3—The aorta’s cannula is placed into the 
abdominal aorta just above its bifurcation and fixed with a nonabsorbable ligature. In the 
abdominal cavity there are still kidneys and vessels (tool-kit) for procurement 


Regardless of the type of donor (donor with confirmed cerebral death—DBD, or 
donor after irreversible cardiac arrest—DCD), the kidney as an organ in the case of 
multiorgan abdominal organ donation is always collected at the end of the proce- 
dure, before the vessels (tool-kit). In most cases the tool-kit consists of the iliac 
vessels (veins and arteries) if they are good quality without atherosclerosis which 
means that they are suitable for the reconstruction of the vessels of the transplanted 
organ or vessels of the recipient [17—19]. 

During organ procurement by DCD all abdominal organs, including the 
kidney(s), are damaged as a consequence of the effects of ichemia-reperfusion 
injury (IRI). In order to minimize the damaging effect of IRI, it is critical that 
cardiopulmonary arrest occurs within a short time (e.g. 2 h). As a result of IRI the 
retrieved kidney may not work initially after transplantation and dialysis therapy 
will be required. In such a case the kidney is said to have suffered from delayed 
graft function (DGF). This occurs in 2% of living related grafts, around 25% in 
DBD grafts and 50% in DCD grafts. In about 3% of cadaveric grafts the kidney 
never functions at all and this is called primary non-function [23]. 
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Fig. 2.2 Multiple abdominal organ procurement. Abdominal aorta just above its bifurcation, 
cannulated with a large bore aorta’s cannula for perfusion (preservation and internal cooling) of 
abdominal organs. The IVC was cannulated with a chest drain and used for system decompression. 
1—Aortic cannula, 2—Chest drain, 3—Thick surgical ligature tied around the aortic wall and 
around the previously inserted cannula, 4—Chest drain was inserted into the IVC for system 
decompression, 5—Donor intestines were placed outside the abdomen on the donor’s thighs. The 
next step removes the cannulas from the aorta and the IVC 


Warning! (Left renal vein, retro-aortic left renal vein) 

Even among experienced surgeons, this is very often a subject of serious academic 
discussion, how the left renal vein should be retrieved: with or without the inferior 
vena cava patch? 

Personally, I agree with the first statement that the left renal vein does not have 
to be procured with a patch from the IVC, but with one exception—when it runs 
along the posterior wall of the abdominal aorta. From my experience, I can present 
arguments that the anastomosis of the left renal vein with the IVC patch is asso- 
ciated with certain inconveniences and is technically more difficult. Here are my 
arguments: the wall of the IVC is always thicker than that of the renal, common and 
external iliac vein. The wall of the renal vein itself is generally the same thickness 
as that of one of the iliac veins, so if both walls are of the same or similar thickness, 
end-to-side anastomosis should be easier in most cases. The left renal vein should 
be cut on the left lateral edge of the IVC, especially when the left renal vein runs 
correctly towards the IVC, along the anterior surface of the abdominal aorta. The 
left renal vein, cut off just at its entrance into the IVC, is long enough for 
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Fig. 2.3 Splitting of the IVC under the liver between the left and the right kidney and the liver. 
1—The green part, the left renal vein, is cut with/without a patch from the IVC, this part has to be 
given to the left kidney, 2—This white part of the IVC is cut 1-2 cm above the level of the highest 
ostium of the right renal vein and has to be given to the liver, 3—The red part of the IVC is cut 
close above the bifurcation of the IVC and has to be given to the right kidney 
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Fig. 2.4 The left renal vein is cut off from the IVC, without a patch. 1—Left renal vein, 2—IVC, 
3—Abdominal aorta, 4—An opening in the IVC after removal of the left renal vein 


transplantation for suturing to iliac vessels on both the right and left side. As is well 
known, accessory veins may also be present on the left side, so the additional renal 
vein should be completely preserved and cut off, with or without a patch, but very 
close to its entrance into IVC. 

Each left renal vein running behind the posterior wall of the aorta and entering 
the IVC should be procured entirely along its length, with or without a patch from 
the IVC, as close as possible to its entrance into the vena cava, that is right next to 
its wall. The left renal vein located on the posterior wall of the aorta has usually a 
very thin wall and a large number of small veins that connect to it. These small 
veins should be cut off at a sufficient distance from the main renal vein wall during 
procurement so that they can be ligated or sewn while benching the kidney for 
transplantation. The retro-aortic renal vein should be prepared very carefully due to 
its thin wall (Fig. 2.5). Another method of left kidney procurement is to remove the 
right kidney first. The next step is to mobilize from the retroperitoneal space the 
posterior surface of this kidney by putting a lot of ice on the anterior and posterior 
surfaces of this kidney and systematically ligating all venous branches without 
damaging the main vein wall. 


44 2 Non-laparoscopic Kidney Procurement Techniques ... 


Fig. 2.5 Left renal vein with retro-aortic course. 1—Abdominal aorta with the visible opening of 
the left renal artery, 2—Left renal vein with preaortic course, 3—Abdominal aorta cut above the 
bifurcation to reach and retrieve without damaging the preaortic left renal vein course, 4—Left 
kidney, 5—Right kidney, 6—Right ureter, 7—Heart, 8—IVC, 9—One of many thin wall branches 
coming into the left renal vein 


2.2.2 Deceased Donor Kidney Procurement Surgical 
Technique with Separation in the Donor’s Body. 
DBD, DCD—Multiorgan Procurement Surgical 
Technique in Brief. DBD, DCD—New Kidney-only 
Procurement Surgical Technique 


2.2.2.1 Differences in Steps Between Multiorgan and “Kidney-only” 
Procurement 


A. Multiorgan procurement (DBD and DCD donor): 
e Time out with the procurement team(s) and transplant coordinator: 


— DBD before transportation to the operating room (OR). 
— DCD before withdrawal of treatment. 
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e Mobilization, cannulation, decompression, preservation, internal (perfusion) and 
external cooling, and if necessary organ splitting. 

e First organ retrieved is the small bowel (sometimes), in most cases the liver and 
pancreas have already been procured for transplantation in bowls filled up with 
cold preservation solution and ice, the bowels are outside the abdominal cavity, 
the kidney and great vessels are in the abdomen. 

e In the abdomen: kidneys (perfused) and great vessels [24—45]. 


B. Kidney-only procurement (DBD and DCD donor): 
e Time out with the procurement team(s) and transplant coordinator: 


— DBD before transportation to the OR 
— DCD before withdrawal of treatment (Insensitive care (IC) or operating 
theatre (OR)). 


e Cannulation, decompression, internal perfusion, cooling and preservation, 
external cooling, no organ splitting. 

e Abdominal part of esophagus, stomach, spleen, pancreas, bowels—‘en bloc” 
outside abdominal cavity—non-perfused and preserved. 

e In the abdomen: kidneys and great vessels (perfused, cooled, preserved) and 
liver not cooled, perfused and preserved (Figs. 2.66 and 2.67). 


2.2.2.2 Kidney Procurement During Abdominal Multiorgan 
Procurement from Deceased Donors (DBD and DCD): The 
Same Surgical Steps in Brief 


As I have already mentioned, the kidneys, in the case of multiple abdominal organ 
retrieval, are always procured at the end of the procedure in the majority of cases 
after the liver and pancreas and much less often after the small bowel which is 
usually retrieved as the first organ from the abdomen. 


1. After abdominal organ perfusion, cut (perfect external, internal cooling and 
preservation) with a scalpel the ligature around the aorta and aortic cannula and 
the ligature around the IVC. Remove the cannula from the aortic lumen. If 
decompression of the IVC was carried out with the chest tube, cut the ligature 
and also remove the chest tube from the lumen of the IVC (Figs. 2.6 and 2.7). 

2. If you have not already, cut the left renal vein very close to the IVC and mobilize it 
towards the hilum of the kidney, so that the left renal vein does not contact the 
anterior wall of the abdominal aorta. The left adrenal vein and the left adrenal gland 
can be taken together with the kidney, or the left adrenal vein can be cut 3—4 mm off 
from the renal vein, or the left adrenal vein can be tied. Lift the mobilized left renal 
vein upwards and place it on the anterior surface of the kidney. The retracted left 
renal vein is immobilized with a wet swab soaked in cold saline or a Ringer’s 
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Fig. 2.6 After removing the chest tube from the IVC, the next stage is to remove the aortic 
cannula. 1—Cutting, preferably with a scalpel, a thick ligature tied around the wall of the 
abdominal aorta and around the cannula inserted into its lumen, 2—Abdominal aorta, 3—Cut off 
IVC above its bifurcation, 4—Cannula inserted into lumen of aorta, H—Towards the head, 
F—Towards the feet, L—The left side of the patient, R—The right side of the patient 


Fig. 2.7 The cannula was removed from the abdominal aorta, and the chest tube from the IVC. 
1—Abdominal aorta, 2—IVC cut off above its bifurcation, 3—IVC just above its bifurcation, 
H—Towards the head, F—Towards the feet, L—Left side, R—Right side 
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sterile solution so that the left renal vein does not accidentally fall into the third step 
of opening the anterior wall of the abdominal aorta. 

3. Cut with scissors the medial anterior surface of the abdominal aorta wall along 
its long axis, from the bifurcation to the ostium of the superior mesenteric artery. 
A symmetrical cut of the anterior abdominal aorta wall can also be performed in 
the opposite direction, starting at the ostium of the superior mesenteric artery 
and ending 1 cm before the bifurcation of the abdominal aorta (Fig. 2.8). 

4. After cutting the medial anterior surface of the abdominal aorta wall, check the 
advancement of atherosclerotic lesions (Fig. 2.9) situated inside the lumen of the 
abdominal aorta wall and in the ostia of the renal arteries (Fig. 2.10). If there is 
any doubt about the number of renal arteries (“suspicious” renal artery ostia in 
the aortic wall), the presence of possible additional renal artery orifices from the 
aorta can be checked using the following sterile instruments: a special thin metal 
probe (rounded at both ends) or a thin Fogarty catheter or a thin long silicone 
tube. After gently placing one of the above-mentioned instruments into the 
“suspected” lumen (ostium) of one of the extra renal arteries, try to slide very 
slowly and carefully the instrument into the lumen and slowly move it forward, 
carefully observing whether it moves towards the hilum or one of the poles of 
the kidney. If you suspect a renal accessory (a superior or inferior pole artery) or 


Fig. 2.8 Abdominal aorta—exactly in the middle of the anterior wall along the long axis of the 
aorta. The incision was started from the upper mesenteric artery towards the bifurcation of the 
abdominal aorta (view from the patient’s head). 1—The abdominal aorta just above its bifurcation, 
2—IVC, 3—Right accessory renal artery, 4—Entry to the aorta of the right renal artery running 
along the anterior wall of the IVC. H—Towards the head, F—Towards the feet, L—The left side, 
R—The right side 
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Fig. 2.9 The anterior inferior wall of the abdominal aorta is cut. 1—Aortic wall with severe 
atherosclerotic lesions, 2—Ostium of the main renal artery, 3—Atherosclerotic plaque with 
commencing ulceration 


an aberrant renal artery (hilum) examine the ostias of the renal arteries on the left 
and the right side of the abdominal aorta from the iliac external artery up to the 
level of the celiac trunk [31]. 


Warning! (Definition of accessory and aberrant artery) 

When speaking in anatomical terms, “extra renal artery” may be used with a 
subclassification of an accessory renal artery which is extra to the main artery 
accompanying the same direction towards the hilus and entering the kidney through 
the hilum to supply it, while the aberrant artery supplies the kidney without entering 
its hilum, thus in most cases supplying the superior and/or inferior pole of the 
kidney [38-41]. 


5. Cut the posterior wall of the aorta along its long axis, exactly between the 
lumbar arteries, so that there are two aortic patches, right and left, extending 
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Fig. 2.10 1—The orifices of the two left renal arteries from the abdominal aorta. 2—Lumbar 
arteries, H—Towards the head, F—Towards the feet, L—The left side of the patient, R—The right 
side 


from the aortic bifurcation up to 1 cm above the uppermost ostium of the right 
or left renal artery. You probably will ask yourself why such a long aorta patch 
is taken together with the kidneys. The answer is that even if the additional renal 
artery was not recognized at the time of kidney procurement and packing, 
procurement with such a long aorta patches provides hope that the patches will 
contain most or all of the extra renal arteries which are not damaged (Fig. 2.11). 


Warning! (Renal accessory arteries may depart from different places) 

Renal accessory arteries may depart from the abdominal aorta, the celiac trunk, the 
superior and inferior mesenteric arteries and the iliac arteries. The accessory 
arteries, especially those running to the hilum and its lower pole, may play an 
important role in the blood supply to the renal pelvis and ureter [2—5, 31-35]. If you 
recognize such an artery during retrieval, try to save it with a small patch or cut it 
off right at the wall of the artery. After the kidney has been retrieved for transplant, 
immediately before packing, the amount of fat around it should be reduced and the 
kidney’s parenchymal perfusion should be assessed, with particular emphasis on the 
areas of the kidney supplied by additional (aberrant and/or accessory) renal arteries 
departing from the aorta or other great arteries in the abdomen. In the case of 
insufficient perfusion of the entire kidney’s parenchyma or its area, the renal artery 
or extra renal artery or all the renal arteries should be cannulated immediately and 
perfused with a cold sterile organ preservation fluid with added heparin. The organ 
preservation solution may be replaced with a sterile cold saline solution or a cold 
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Fig. 2.11 Abdominal aorta cut off 2 cm above its bifurcation, with its posterior wall cut along the 
long axis between the lumbar arteries. 1—Aorta orifices of two left kidney arteries, 2—Right aortic 
patch with the right renal artery and lumbar arteries departing from abdominal aorta, H—Towards 
the head, F—Towards the feet, L—The left side, R—The right side 


Ringer's solution, but it is very important that the solution contains heparin. 
Additional perfusion always begins with the artery supplying the kidney par- 
enchyma area from which the blood has not been well flushed out. For this purpose, 
a large syringe with a capacity of 10 or 20 ml, with a thin cannula, Venflon (Becton 
Dickinson) or a very thin tube attached, may be used, so as not to damage the artery 
wall and cause its dissection. 


Example: The right extra renal artery (aberrant artery) from the right common 
iliac artery to the lower pole (Fig. 2.12) was noticed just prior to procurement and at 
the beginning of kidney perfusion outside the body (kidney donation from living 
donor). The celiac trunk before operation did not reveal any extra renal artery. In 
this case, before the kidney was retrieved the procurement surgeon requested injury 
avoidance and a long ischemia time and two sets for kidney perfusion by two renal 
arteries. The preparation requires—besides the two already prepared perfusion 
systems sets—a special 2 mm thin cannula in order to cannulate and perfuse the 
small, renal, lower pol artery (always think about the vascularization of the ureter!). 
After such preparation, cooling and preservation affects the entire kidney simulta- 
neously and not just a part of it. After perfusion through the lower pole and the 
main renal artery, the differences in color of the lower pole and the remaining renal 
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Fig. 2.12 Renal accessory artery from the right common iliac artery. |—Right kidney, 2—Right 
ureter, 3—Additional renal artery deviating from the common iliac artery, 4—Gonadal vein, 
5—IVC 


parenchyma disappear. Subsequently, the kidney parenchyma was gently palpeted 
for the presence of tumors. The kidney was considered as normal and suitable for 
transplantation, after which it was packed in a transport box and then transplanted 
successfully. In the next chapter I will illustrate the decision making considering a 
kidney after a multiorgan retrieval where the renal artery has been excised prior to 
perfusion or arose from the iliac vessels and sent as normal for transplant with a 
large amount of blood in the part of the kidney supplied by this artery. 


6. The IVC should be completely transected near its bifurcation (Fig. 2.13a). If 
the right renal vein is to be extended with the IVC, there should be no damage 
to the posterior wall of the right renal vein and the IVC. The lumbar vein should 
be trimmed to within 2 mm of the IVC wall, has to be cut 2-3 mm from the 
IVC and can not be torn from the wall during retrieval. Here again I would like 
to remind you of the right renal vein. Please look again at how thin the posterior 
wall of the renal vein in particular is. Both walls of the right renal vein are so 
thin that they are transparent and can easily be damaged (Fig. 2.13b). 
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Fig. 2.13 (a) 1—IVC cut above its bifurcation, 2—Bifurcation of the IVC, 3—Left patch of 
abdominal aorta, including left renal and lumbar arteries, 4—Abdominal aortic bifurcation, (b) 1— 
IVC, 2—Thin and short right renal vein, 3—Kidney hilum 
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Fig. 2.14 Using forceps and scissors, mobilize by cutting off the right aorta patch together with 
the IVC from the anterior longitudinal ligament of the spine as much as possible to the right side. 
The cuts should be carried out close to the ligament. During cutting be careful not to damage the 
renal vein, IVC and renal artery. 1—IVC, 2—Right aorta patch, 3—Anterior longitudinal 
ligament, 4—Left aorta patch 


7. Mobilize the right aortic patch along and together with the IVC from the 
anterior longitudinal ligament of the vertebral column. Carry out the cuts with 
scissors strictly on the surface of the anterior longitudinal ligament, going to the 
right (Figs. 2.14 and 2.15) (when cutting, be very careful in order not to 
damage renal arteries and/or veins). Lumbar veins located on the posterior 
surface of the IVC should be cut at a considerable distance so that after pro- 
curement they are suitable for ligating or suturing. 
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Fig. 2.15 The abdominal aorta and the IVC were cut just above their bifurcations. The right aortic 
patch and IVC were cut off with scissors next to the anterior longitudinal ligament maximal to the 
right side without damaging the renal artery, IVC or right renal vein. 1—IVC, this part after 
procurement belongs to the right kidney, 2—IVC bifurcation, 3—Left patch of the abdominal 
aorta, cut off above the bifurcation, 4—Abdominal aortic bifurcation, 5—Localized and dissected 
right ureter, H—In towards the head, F—Towards the feet, L—Left side, R—Right side 


8. Mobilize right kidney from retroperitoneal space. Start from the right side— 
lateral border and lower pole, posterior surface of the right kidney towards the 
right side of the column vertebrae. Going down mobilize the right ureter with 
its surrounding tissue as far as the urinary bladder (Fig. 2.16). The right kidney 
was mobilized with scissors behind from the retroperitoneal space until the 
right side of the anterior longitudinal ligament of the vertebral column and then 
rotated to the left side (Fig. 2.17). As a next step mobilize the upper pole from 
the retroperitoneal space by cutting the tissues above the upper pole and upper 
edge of the right aortic patch (Fig. 2.18). 
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Fig. 2.16 The posterior surface of the right kidney is completely mobilized from the 
retroperitoneal space. 1—Cutting with scissors on the right side, including the lateral surface of 
the vertebral column and anterior longitudinal ligament, 2—Right kidney, 3—Renal pelvis, 
4—Right ureter with surrounding tissues 


9. 


10. 


The right kidney is fully mobilized from the retroperitoneal space. Hold the 
kidney in the left hand and gently pull it upwards to reveal tension structures 
such as the ureter or ureters with the surrounding tissues and running in parallel 
with the gonadal vessels. This is an excellent opportunity to try to assess the 
number of ureters. The ureters and vessels mentioned above should be carefully 
dissected as close to the bladder and then cut with scissors so that they are as 
long as possible and have enough tissue around to ensure a proper blood supply 
of the ureter after transplantation (Figs. 2.19 and 2.20). 

The right kidney, after excision from the abdominal cavity, is handed over to 
the scrub nurse who, as quickly as possible, places the organ in a sterile right 
kidney container filled with a cold preservation solution and sterile slush ice. In 
order not to make a mistake when packing, the sterile container bears the 
inscription: right kidney. 
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Fig. 2.17 The posterior surface of the right kidney is completely mobilized from the 
retroperitoneal space. After mobilizing the vessels, the kidney is mobilized with scissors from 
above and behind, taking care not to damage the vessels and the ureter. 1—Retroperitoneal space, 
2—Kidney with adhering fat mobilized from retroperitoneal space, 3—Right ureter with gonadal 
vein; the kidney and ureter will be mobilized further towards the bladder, H—Towards the head, 
F—Towards the feet, L—The left side, R—The right side 


Fig. 2.18 Mobilization of the upper pole of the right kidney. 1—Anterior longitudinal ligament, 
2—Right aortic patch with right renal artery and a tiny bit of the IVC under the thumb, 3—Left 
aortic patch, 4—A small section of the protruding IVC, H—Towards the head, F—Towards the 
feet, L—The left side, R—The right side 
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Fig. 2.19 The right kidney with renal vessels are completely mobilized from the extraperitoneal 
space. The only non-mobilized element is the ureter and gonadal vein. The ureter together with the 
gonadal vein will be cut out of the extraperitoneal space with as much tissue as possible by moving 
the scissors from the apical of the lower kidney pole towards the bladder. 1—Completely 
mobilized right kidney, 2—Right kidney ureter, 3—IVC, H—Towards the head, TL—Towards 
the leg, L—Left side, R—Right side 


Fig. 2.20 Completely freed from the retroperitoneal space, the right kidney together with the 
ureter is mobilized up to the bladder with a large amount of surrounding tissues. 1—Right kidney, 
2—Ureter, H—Towards the head, F—Towards the feet, L—Left side, R—Right side 
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Fig. 2.21 Left kidney mobilization. First, the left aortic patch and the left renal vein are mobilized 
with scissors, cutting off all the tissues between the left kidney abdominal aorta patch and the 
anterior longitudinal ligament of the spine. The next stage is mobilization of the descending and 
sigmoid colon along the Toldt’s line. Then the left kidney is fully mobilized from the 
retroperitoneal space along with the previously mobilized vessels. The ureter is not yet sufficiently 
mobilized. 1—Left kidney, 2—Left aortic years, 3—Anterior longitudinal ligament, H—Towards 
the head, F—Towards the feet, L—Left side, R—Right side 


11. 


12. 


13. 


Procurement of the left kidney. Cut the aortic patch of the left renal artery very 
close to the anterior longitudinal ligament of the spine. Pay particular attention 
to the central and extra-renal arteries and veins (Fig. 2.21). 

Mobilize the left kidney from the retroperitoneal space. Start from the left side 
—the lateral border, lower poles, posterior surface of the right kidney to the left 
side of the column vertebrae. Mobilize the upper pole from the retroperitoneal 
space by cutting the tissues above the upper pole and upper edge of the left 
aortic patch. Go down and if it has not been done, cut the peritoneum along the 
Toldt's line and mobilize from the retroperitoneal space the mesentery of the 
descending colon and sigmoid together with the left ureter(s) with its sur- 
rounding tissues as far as the bladder [24, 31-33]. 

The left kidney is fully mobilized from the retroperitoneal space. Holding the 
kidney in the left hand and gently pulling it upwards to reveal the tension 
structures, such as ureter or ureters with surrounding tissues and running in 
parallel with the gonadal vessel. To easily visualize the ureter(s) and the gonadal 
vessel in the left retroperitoneal space, the posterior surface of the descending 
colon mesentery and the sigmoid colon must be freed from the Toldt’s line to the 
left lateral wall of the abdominal aorta and left iliac vessels (Fig. 2.22). 
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Fig. 2.22 Left kidney completely mobilized from the retroperitoneal space. In the photo, the left 
kidney is turned to the right side. 1—Retroperitoneal space on the left side, visible is the major 
lumbar muscle, 2—Posterior surface of the left kidney covered by fat, 3—Left ureter, H—Towards 
the head, F—Towards the feet, L—Left side, R—Right side 


Warning! (Finding and recognizing the left ureter is not always easy—tips) 
The best and the easiest way is to identify the left ureter/ureters by performing an 
incision of the peritoneum along the Toldt’ s line and mobilizing the descending 
colon with sigmoid mesentery up to the left side of the aorta and left iliac vessels. 
The next step is to gently lift up and turn to the right all the above mentioned 
structures, so that the posterior surface of the descending colon and sigmoid can be 
completely visualized. Remember that the left ureter is “glued” to the posterior 
surface of the descending colon and the sigmoid mesentery and runs along with the 
testicular or ovarian vein to the urinary bladder. If we are not able to recognize the 
structures going to the posterior surface of the descending colon and sigmoid 
mesentery or we are not sure, treat them as with the ureters. 

So try to dissect all unidentified structures, preserving as much tissue as possible 
from the renal pelvis to the urinary bladder. Remember that before organ packing 
you will have a second chance to identify the ureter or ureters. After kidney pro- 
curement and before packing or connecting with the perfusion machine it is always 
worth examining the lumen of every cut structure (the ureter is star-shaped). If we 
still cannot recognize the ureter(s) in the cut section, I would recommend placing 
the kidney in a special sterile container filled with ice and cold preservation solution 
and perform here one more time a longer and more accurate cut surface inspection, 
for example by cannulating the lumen of the “suspicious” structure with a thin long 
tube, which you should very slowly and gently try to move towards the renal pelvis 
or left renal vein. Another way to identify the ureter after kidney procurement is to 
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insert a thin sterile tube into the lumen of a “suspect” ureter and connect it to a 
syringe filled with a cold preservative solution or cold saline solution. During the 
administration of the fluid, carefully and slowly move the cannula towards the renal 
pelvis. If the ureter is cannulated after the injection of every 5 ml of the cold 
preservation solution or sterile saline, check the degree of the renal pelvis and ureter 
distension, or if your catheter is placed into the vein look for the extravasation of 
the fluid into the surrounding tissues or left renal vein. In the case of significant 
resistance to fluid injection or to moving the cannula towards the renal pelvis, check 
whether the ureter is not twisted and how it is physiologically positioned in relation 
to the procured kidney. If the ureter is twisted, fluid injection should be stopped. In 
this case, try to unscrew the ureter to allow the fluid and cannula to enter the renal 
pelvis without any resistance. In every case of ureter resistance close to the renal 
pelvis, think about uretero-pelvic junction (UPJ) or ureter obstruction [31-33]. 


14. The left kidney with ureter is fully mobilized, but the ureter, gonadal vessels 
and surrounding tissues have not yet been cut but dissected up to the urinary 
bladder (Fig. 2.23). 


Fig. 2.23 Left ureter cut right next to the bladder. 1—Retrieved left kidney, 2—Left ureter, 
3—Para-vesical area, 4—The left common iliac artery, 5—Major lumbar muscle 
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Fig. 2.24 Completely mobilized left kidney with the ureter cut off close to the bladder. The 
procurement surgeon tries to retrieve every ureter with as much of the surrounding tissue as 
possible. 1—Posterior surface of the mobilized left kidney, 2—Retroperitoneal space, 3—Left 
ureter, 4—Left common iliac artery, H—Towards the head, F—Towards the feet, L—The left 
side, R—The right side 


16. A few centimeters before the urinary bladder, cut off the ureter and hand the 
procured left kidney over to the scrub nurse who, as quickly as possible, places 
the organ in a sterile container filled with a cold preservative fluid and sterile 
slush ice. In order not to make a mistake when packing, the sterile container 
bears the inscription: left kidney (Figs. 2.24 and 2.25). 


Warning! (To ligate or not ligate ureters?) 

A frequently asked question is whether to ligate or to not ligate, as it may not be 
necessary to ligate the vesical ureters close to the urinary bladder before cutting 
them. Personally, during a kidney procurement from a cadaver donor, I don’t ligate 
any ureter, I just cut them 10-15 cm before the urinary bladder. My first argument 
for not ligating the ureters during procurement from a cadaver donor is that there is 
a catheter in the urinary bladder which is removed at the end of the organ pro- 
curement, so the bladder is already drained out. My second argument is that at the 
junction of the ureter with the bladder, there are vesicoureteral valves which prevent 
the return of urine from the urinary bladder to the ureter. Conclusion: if you believe 
my arguments, it is not necessary to ligate [3]. 
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Fig. 2.25 The left adult kidney is placed in a container filled with a preservation solution and 
sterile ice after removal. 1—Anterior surface of kidney procured with perirenal fat, 2—Left renal 
vein, 3—Left renal artery at the aortic patch, 4—Ureter, 5—Sterile ice 


Warning! (Always and everywhere label the right kidney and left kidney) 
When it comes to kidney storage, it is a good idea to have specially labeled 
containers each time to prevent mistakes (Fig. j). I have learned in the course of 
many years of practice that most scrub nurses cannot distinguish the right from the 
left procured kidney outside the body. The kidneys are usually placed in containers 
marked “right” and “left” in order to avoid confusion during packing. During most 
donations, the kidneys are packaged by the scrub nurse or put on the perfusion 
machine by the procurement surgeon, before being thoroughly inspected by the 
donor surgeon. Inspection of each retrieved kidney for transplantation is mandatory 
and each retrieved kidney cannot be packaged or put on the machine without being 
carefully evaluated by the retrieval surgeon. 


Warning! (If possible, always procure the right kidney with the IVC) 

The right kidney, unlike the left one, usually has a shorter vein and a longer artery 
and more often it has more than one renal vein and should always be procured with 
the IVC. Some surgeons do not respect this rule. In my opinion, the following 
situations are an absolute indication for the procurement of the right kidney with the 
IVC: when the kidney has more than one vein or when the right renal vein is very 
short; when the recipient is obese with difficult access to the iliac vessels; or the 
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Fig. 2.26 Bowels in the operating room of the donor’s hospital. The containers are labeled right 
and left and are used for temporary storage just after the right and left kidney are removed. | and 
2—Containers filled with sterile ice slush or crushed ice and preservation solution. The bowls have 
been marked; R—For the right kidney, L—For the left kidney. Each bowl should be labeled to 
prevent kidney packaging error 


transplantation will be very complex (e.g. a second graft on the same side with or 
without removal of the previous graft). In these cases, elongation of the right renal 
vein with the IVC can greatly facilitate its transplantation and thus reduce the risks 
associated with surgery. 


17. 


The procurement surgeon who has procured the kidney(s) should carefully 
examine each of them before packing (using static cold storage) (Fig. 2.27) or 
before connecting to hypothermic machine perfusion. The inspection process 
consists of assessing the number and length of the vessels, the distance between 
them and whether they were retrieved on an aortic patch, or not, their diameter, 
assessment of every ostium of the renal arteries arising from the aorta wall, if 
any—the degree of their damage, the advancement of atherosclerotic changes 
in the aortic wall, the length of the ureter with its surrounding tissues 
(Fig. 2.28), an attempt to determine the number of ureters and, if possible, the 
reduction of fat around the retrieved kidney (Fig. 2.29), but not around the renal 
hilum, ureter and lower pole. After reducing the fat around the kidney, it’s 
parenchyma should be very carefully inspected and palpated (Fig. 2.30) in 
order to assess its perfusion, the presence of tumors or cysts, possible surgical 
or non-surgical damage (due to accident and/or procurement) to the par- 
enchyma, renal pelvis and ureter. 
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Fig. 2.27 The right kidney has been procured. Initial assessment of the advancement of 
atherosclerosis in the patch of the abdominal aorta with careful assessment of the ostium of the 
renal artery from the aorta. 1—Right renal artery ostium on the aorta patch, 2—IVC retrieved with 
right renal vein(s), 3—Upper pole of the right kidney 
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Fig. 2.28 Assessment of the length and the amount of tissue around the ureter. 1—Ureter, 2—A 
layer of perirenal fat surrounds left kidney, 3—Left kidney, 4—The tissues surrounding the ureter 
are taken together with the ureter, giving it a chance to become well supplied with blood. Try to 
take as many around the ureter as possible, and do not try to reduce their volume or prepare them 
in the donor hospital 
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Fig. 2.29 Perirenal fat must be reduced around the upper pole, anterior and posterior surfaces, but 
not around the lower pole and around the hilum. Remember that with excess fat cools from 
the outside of the kidney may be insufficient, as the fat acts as an insulator. 1—Perirenal fat, 
2—Kidney parenchyma without fat upper pole, 3—Perirenal fat released from the anterior surface 
of the kidney, 4—Kidney hilum with renal vessels 


Fig. 2.30 The kidney, after a significant amount of renal fat reduction, is gently palpated for the 
presence of tumors, injuries or pathological fat. 1—Kidney surface with small normal fat islet 
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Warning! (Kidney fat reduction is sometimes impossible) 

During the reduction of fat around the procured kidney be very careful and cut out 
fat that can be easily separated from the kidney capsule and leave the fat ingrown in 
the kidney capsule. Remember that a large layer of fat around the removed kidney 
may slow down its cooling process during transport to the recipient’s hospital (the 
fat in this case acts as an insulator). A kidney with a large amount of ingrown 
perirenal fat may be of considerable size and therefore be suitable for transplan- 
tation only to selected recipients who can accommodate such a large kidney in the 
retroperitoneal space. It is more than advisable at this point to ask the recipient’s 
hospital to clarify this. 


18. Check the kidney vessels carefully and in particular the number of veins and 
arteries. Describe in the kidney quality report not only its suitability for 
transplantation but also the diameters in the case of multiple vessels and their 
distances from each other on the aorta patch. Further, it is very important to 
describe the state of the severity of the atherosclerotic lesions in the wall of the 
abdominal aorta and in the ostia of the renal arteries departing from the aorta, 
because they are often affected by atherosclerotic lesions especially in older 
people. Finally, we evaluate the ureter(s) and here, especially in the case of the 
left kidney, pay attention to their number. In this case, as already mentioned, 
the “suspect” ureter can always be cannulated and/or the “suspect” structure can 
be cannulated and perfused using a thin catheter with a cold preservative 
solution or examined with a special thin metal probe. 

19. If necessary, and there are indications for this, perform a kidney biopsy and a 
frozen section procedure (cryosection)—a rapid microscopic anatomopatho- 
logical examination of the specimen. If the pathologist finds something that 
deviates from the norm, please ask a procurement surgeon to immediately 
inform the transplant coordinator, the kidney recipient centers and the recipients 
of the other organs about it [24, 31-33]. 


Warning! (Frozen sections, anatomical pathologists, peripheral hospitals) 

In peripheral hospitals it is sometimes impossible to find a pathologist to perform a 
rapid microscopic examination. In that kind of situation, the collected specimens 
should be sent to the university hospital of the recipient who is to be transplanted 
first—thus this will be a heart or lung or liver or pancreas recipient—or to a center 
that has the greatest experience and can make a quick and accurate diagnosis. In the 
case when cancer is suspected, inform the transplant coordinators of all the donated 
organs as soon as possible. If you have a strong suspicion of cancer, try, if possible, 
to delay all transplant operations until a frozen section procedure result is available. 
You can send all procured organs to the recipient(s) hospital(s) but write on the 
shipping box a letter warning that the kidney may be transplanted, like any other 
donated organ, only after a cancer negative frozen section procedure. After getting 
the result the transplant coordinator will contact you before getting the result from 
the frozen section procedure, as using any procured organ for transplantation is 
forbidden by law. 
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20. The abdominal organ quality report has to be personally prepared by the pro- 
curement surgeon and the transplant coordinator and signed by the surgeon 
who performed the abdominal organ procurement. 


Warning! (Kidney packing: hypothermic machine perfusion or classic cold 
storage?) 

After a very detailed assessment of both kidneys, we can allow the scrub nurse to 
pack organs according to the protocol applicable in the given country. In the 
Netherlands, this will be a technique of packing organs for transplantation according 
to the Dutch Transplant Foundation and Eurotransplant protocol, in this case we are 
illustrating the old method of packing kidneys so called static cold storage 
(Figs. 2.31, 2.32, 2.33, 2.34, 2.35 and 2.36). 


Fig. 2.31 Packing of procured organs. 1—The removed organ is sterile packed into the first bag 
which is filled with a cold fresh preservation solution so that the organ is completely covered. The 
air is removed from the bag before it is tightly tied 


68 2 Non-laparoscopic Kidney Procurement Techniques ... 


Fig. 2.32 1—The first tied bag with the organ removed is inserted into the second larger bag. 2— 
The second bag is filled with a cold physiological natrium chloride solution or Ringer’s solution so 
that the first organ bag is completely covered with this fluid. The air is removed from the bag and 
the bag is tightly tied 


This is why we use the cold static storage technique in the Netherlands from 
January 2016: each kidney donated by a deceased donor is connected at the donor 
hospital to one of the machines in which the kidney is actively cooled and preserved 
during transport to the recipient hospital. The flow of specially prepared preser- 
vation fluid through the organ may be laminar or pulsatile, depending on the type of 
machine, and the fluid may or may not be saturated with oxygen before entering the 
donor kidney. Hypothermic machine perfusion (HMP) of the kidney is a 
long-established alternative to static cold storage. It has been suggested that it is a 
better method of preservation. Today, as the profile of our deceased donors con- 
tinues to change in favour of higher risk, lower quality kidneys, we are faced with 
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Fig. 2.33 1—The third bag does not contain any liquid; it is empty or “dry”. Two previously 
packed bags are placed in the third bag. Air is purged from the last bag which (acts as an insulator) 
and the bag is tied tightly 


the limitation. Interest in HMP as a preservation technique is growing. In addition, 
HMP also creates a window of opportunity during which the viability and quality of 
the graft can be assessed prior to transplantation. The kidneys of deceased donors 
are preserved in cold, hypoxic condition. The provision of oxygen during preser- 
vation may improve post-transplant outcomes, particularly for kidneys which are 
subject to a greater degree of preservation injury. Interest in HMP as a preservation 
technique is growing. In addition, HMP also creates a window of opportunity 
during which the viability and quality of the graft can be assessed prior to trans- 
plantation. The kidneys of deceased donors are preserved in cold, with provision of 
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Fig. 2.34 1—The retrieved organ, previously packed in three sterile bags, in some centers, before 
being put into the transport container with ice, has a special napkin wrapped around it 
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Fig. 2.35 The removed and packed organ is placed on ice in a special transport box and then 
completely covered with fresh ice and a napkin. 1—Kidney procured and packed, 2—Ice, 3— 
Open transport box 


oxygen during preservation may improve post-transplant outcomes, particularly for 
kidneys which are subject to a greater degree of preservation injury. The provision 
of oxygen during preservation may improve post-transplant outcomes, particularly 
for kidneys that have suffered greater degrees of ischaemia-reperfusion injury. 
Hypothermic machine perfusion is able to control the following parameters: tem- 
perature, perfusion pressure and biochemical parameters of the perfusion fluid 
flowing from the renal vein. For this purpose, the machine uses its own electronic 
circuits connected to a computer that controls the entirety of its operation 
(Figs. 2.37 and 2.38). 
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Fig. 2.36 After filling the transport box with fresh ice, it is sealed, and after affixing all the 
documents concerning the donor, quality form and the donated organ, the organ can be transported 
to the recipient’s hospital. 1—Professional transport box 


Fig. 2.37 The kidney is packaged in the LifePort, where it will be continuously perfused with a 
preservation solution and cooled during transport to the recipient’s hospital. 1—LifePort 


2.2 Surgical Technique of Kidney Procurement During Multiple ... 73 


Fig. 2.38 The kidney is placed and connected to the device which will cool it externally and 
internally during transport until arrival and/or the start of kidney benching at the recipient’s 
hospital 


2.2.2.3 Adult and Pediatric Deceases Donor “En Bloc” Kidney 
Procurement 


Introduction: Child Donor Criteria for Kidney Procurement 


a. Kidney donor age criteria for DBD: donation of abdominal organs in children: 


— No age limit, from birth onwards (removal by “en bloc” for children up to 
two years; for older children up to five years, in consultation with the 
receiving center). 


b. Kidney donor age criteria for DCD donation: donation of abdominal organs in 
children: 


— donor age 5 to + 75 years. 


Steps 


1. Mobilize both kidneys from the retroperitoneal space on the right and left side of 
the abdominal cavity up to the vertebral column. 

2. A thick surgical ligature tied around each cannula was cut through the wall of 
the aorta and inferior vena cava, preferably with a scalpel or scissors. During 
perfusion of the abdominal organs at the time of procurement, these ligatures 
allowed the cannulae to be held in the lumen of the aorta and inferior vena cava. 
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Fig. 2.39 In this case, the organ donor is a child under the age of five. The liver and pancreas have 
been removed from the abdominal cavity, and the intestines and stomach moved beyond the 
abdominal cavity. The abdominal aorta has been cut off between the ostium of the celiac trunk and 
the superior mesenteric artery and above the aorta’s bifurcation. The IVC was cut 1-2 cm above 
the highest ostium of the right renal vein and above the its bifurcation. 1—Right kidney, 2—Left 
kidney, 3—Abdominal aorta, 4—IVC, 5—Bifurcation of the abdominal aorta, 6—Bifurcation of 
the IVC, H—Towards the head, F—Towards the feet, L—Left side, R—Right side 


3. Remove the perfusion cannula and thoracic tube if present from the aortic and 
IVC lumen. Cut crosswise completely the abdominal aorta and the IVC at the 
level of their bifurcations (Fig. 2.39). 

4. Identify and cut both ureters close to the bladder. Use a small mosquito clamp to 
close the tissue around the end of each ureter. With as much tissue around the 
ureter as possible, dissect both ureters in the direction of the lower pole and the 
hilum of each kidney (Fig. 2.40). 

5. Grasp the tissues between the wall of the abdominal aorta and/or the IVC with a 
soft vascular clamp. Gently lift both vessels upwards to reveal the lumbar 
arteries and veins and the front of the anterior longitudinal ligament of the 
vertebral column. 
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Fig. 2.40 Mosquito clamps on the surrounding tissues of the ureters. 1—Right ureter, 2—Left 
ureter, 3—Intestines outside the abdominal cavity (the picture shows a fragment of the large 
intestine), 4—Right kidney, 5—Left kidney 


6. Cut all the tissues with lumbar arteries and veins between the posterior aortic 
wall and the posterior wall of the IVC and the anterior longitudinal ligament of 
the vertebral column without damaging the posterior aortic and the IVC wall 
(Figs. 2.41 and 2.42). 

7. Remove both kidneys from the abdominal cavity and transfer them to a sterile 
container filled with preservation solution or Ringer’s lactate or saline with 
sterile crushed ice. If necessary, the kidneys can now be separated or they can be 
packed and sent “en bloc” (Fig. 2.43) to the center that is to accept them. 
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Fig. 2.41 1—Left kidney posterior area, 2—Right kidney posterior area of the renal pelvis, 3 and 
4—Medial walls of the abdominal aorta and IVC connected together with a small vascular clamp 
type Mosquito, 5 and 6—Bifurcation region: of the IVC (6) and abdominal aorta (5), 7—Left 
ureter, 8—Right ureter 


A rh 


Fig. 2.42 1—Anterior longitudinal ligament, 2—Ligated bifurcations of the aorta and IVC, 
3—Right ureter, 4—Left ureter, 5—IVC, 6—Abdominal aorta, H—Towards the head, 
F—Towards the feet, L—Left side, R—Right side 
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Fig. 2.43 Kidneys obtained as “en block” from a donor who is less than 5 years old. R—Right 
kidney, L—Left kidney, 1—IVC, 2—Abdominal aorta, 3—Right ureter, 4—Left ureter 


Warning! (Kidneys procured “en bloc” sometimes needs vessels) 

We should remember that kidneys procured “en bloc” with the intention of trans- 
planting them, may require additional venous and arterial vessels (tool-kit) for the 
reconstruction due to various transplant techniques. For this purpose, contact the 
recipient’s hospital on your own or through the transplant coordinator. 


2.2.2.4 The Surgical Technique used to Separate Kidneys that have 
been Procured “En Bloc” from a Deceased Donor 


Introduction 


The surgical technique of separating kidneys procured “en bloc” is generally not 
different from the technique of separating them in the abdominal cavity, except that 
“en bloc” takes place outside the donor’s body. The kidneys are placed and sub- 
merged in a sterile container filled with sterile preservation solution or Ringer's 
lactate solution or a sterile NaCl physiological solution and slush ice. Here is a 
brief description of the entire kidney separation procedure step-by-step. 
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Surgical Steps 


1. Cut off the left renal vein with a patch from the IVC or without a patch close to 
the IVC. Gently separate the renal vein from the anterior wall of the abdominal 
aorta towards the hilum and set it on the kidney front surface. Place the left renal 
vein that has been mobilised in this way on the anterior surface of the kidney 
and stabilise the renal vein by placing a small sterile pad of gauze soaked in 
saline over it. 

2. If not already marked, locate the ureters, mark each one by closing a small soft 
vascular clamp on the surrounding tissues at the end in order not to damage it. 

3. Invert the donated kidneys 180 degrees so that you can see the posterior wall of 
the aorta and IVC. Make a longitudinal incision to the posterior surface of the 
abdominal aorta, which has to be made along the long axis of the aorta precisely 
between the lumbar arteries. 

4. Check the ostia coming out from the aorta’s lumen to the right and left kidney 
on both sides of the abdominal aorta. If you are in doubt about the number of 
renal arteries, use a specially designed metal vascular probe or a thin tube to 
examine them. 

5. To achieve a complete separation of the kidneys, perform a longitudinal incision 
to the anterior surface of the abdominal aorta. 

The incision has to be made along the long axis of the aorta precisely between 
the ostias of the renal arteries. 


Warning! (Avoid kidney damage and keep it in the physiological position) 
Keep the kidneys during the tissues cutting in the physiological position. Beware of 
the ureters and renal vessels at every change of position of the kidney. 


6. Before packing the kidneys, perform the following activities to declare each 
kidney suitable or not suitable for transplantation. Reduce the amount of fat 
around each kidney; do not try to remove too much fat in the donor’s hospital 
especially around the hilum, lower pole and ureter. After removing excess fat, 
carefully inspect both kidneys for the quality for parenchyma perfusion, the 
presence of tumors, damage, atherosclerosis, thrombosis, and the number of 
renal vessels and ureters. If the perfusion has not been successful, try to flush 
with a preservation solution the less well flushed kidney or the kidney area again 
before packing. At the end of the kidney inspection as a procurement surgeon 
you are going to pass judgment about the suitability of each kidney for trans- 
plantation in terms of surgical damage, anatomical anomalies, the number of 
renal arteries, veins and ureters, the severity of atherosclerosis, atherosclerotic 
lesions at, around and above the ostia of the renal arteries, the access severity of 
atherosclerosis or another disease in the renal arteries themselves, the presence 
of tumors in the parenchyma or kidney pelvis, mechanical or surgical damage to 
the kidney (rupture of the parenchyma), the access quality of the kidney par- 
enchyma (cirrhosis, fibrosis), infections, the presence of one or more cysts 
(cystic kidney disease) and ureteral strictures. 
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Warning! (Impossible perfusion through the renal arteries) 

If the kidney perfusion through the artery or arteries has failed for one or other 
reason, you have still one escape in order to save the kidney in the form of retrograde 
perfusion. The removed kidney may in this case also be perfused under low pressure 
and cooled through the renal vein with a heparinized cold preservation solution. 


Warning! (Avoid the kidney backtable in the donor’s hospital) 

The operating room (OR) in the donor’s hospital is not an appropriate place to 
prepare the kidney for transplantation, but it is the best place for the first general 
kidney inspection. An attempt to prepare the kidney at the donor’s hospital is 
unnecessary because it lengthens the time of kidney warm ischemia. When 
attempting to inspect the kidney in the donor’s hospital, the surgeon exposes the 
donated organ to high risk of organ damage due to inadequate conditions in the 
donor hospital's operating theatre. Lack of adequate lighting and qualified assis- 
tance may lead to irreversible accidental technical damage to the kidney and dis- 
qualify it for transplantation. Remember that the long inspection of the kidney 
immediately after its procurement may damage the renal tubular epithelial cells of 
the kidney which can lead to delayed graft function, acute tubular necrosis or 
kidney primary non-function. The procured, preserved and cooled kidney is after 
the procurement still not cold enough on the inside for carrying out a long 
inspection in the donor's hospital. By prolonging the organ procurement procedure, 
we can warm the kidney which will cause a growth of metabolism instead of a 
reduction. A rapid kidney inspection, cold storage packing or connecting with the 
perfusion machine results in its further cooling and a decrease in its metabolism, 
and therefore such a procedure is not only good for the kidney, but also for the 
recipient. Hypothermic machine perfusion means perfusing, preserving and cooling 
the kidney during transport from the donor to the recipient’s hospital, allowing the 
kidney to survive undamaged and in good condition for preparation (back table) for 
transplantation and warm ischaemia during transplantation. 


Warning! (If you do not trust the procured kidney perform a biopsy and a 
frozen section examination) 

If parenchymal disease is suspected, perform a kidney biopsy and a frozen section 
examination. The test result should be discussed with the anatomic pathologist, 
transplant coordinator and the recipients centers. 


Warning! (Pediatric donors) 

In donors younger than five years, kidneys should be harvested en bloc, maintaining 
continuity of the aorta and IVC from their bifurcation to the area 0.4—0.5 cm above 
the ostia of the renal arteries and veins in the aorta and IVC. 


Warning! (Pediatric kidneys: an important communication) 

When the donor is between two and five years old the technique of procurement of 
the kidneys (to separate them or not) should be discussed in detail with the center 
that accepted the kidneys. 
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Warning! (“En bloc” surgical technique for kidney retrieval is very often also 
used in adults) 

The en bloc surgical technique for kidney donation is popular in many centers all 
over the world. It is also possible to procure kidneys from adult cadaver donors in 
this way. The adult procured kidneys in the en bloc technique have to be separated 
in the donor’s or recipient’s hospital. According to the available literature, kidneys 
procured en bloc for transplantation are less damaged, which means that the pro- 
curement surgeons make fewer technical errors during this procedure [46, 47]. 


2.3 “Kidney-only” Procurement from Deceased Donors; 
The Surgical Technique 


2.3.1 Introduction 


Although it is perhaps hard to believe, there are situations where the only organs to 
be procured, due to the age and past diseases of the donor, are the kidneys. 
Sometimes it does happen that a potential organ donor agrees to donate only one or 
both kidneys after death by signing an organ donor card during his/her lifetime. 

The UK national Transplant Database was analyzed for all cadaveric kidneys 
donated over a five-year period in the UK. The results are that out of 9014 retrieved 
kidneys, 96 could not be transplanted because of the severe damage made during 
the retrieval. Injury was reported in 1726 (19%) kidneys, although by both donor 
and recipient centers in only 270 (3%). Reported kidney damage was 26% more 
likely for retrievals of kidneys made only by a renal team as opposed to multiorgan 
retrieval of 21%; the proportion was lower when a liver team retrieved both liver 
and kidneys [46]. 

DCD donations are associated with a significantly increased incidence of pro- 
curement related kidney damage especially with regards to ureteric and polar artery 
injuries. The awareness of this issue should lead to the optimization of procurement 
techniques to improve the quality of this increasingly important way of kidney 
transplantation [47]. 

When only the kidneys are procured, the presence of other organs in the 
abdominal cavity causes a lack of transparency and stability in the operating field. 
During kidney-only procurement, the presence of other abdominal organs in the 
operative field may obscure the view making it difficult to recognize anatomy, 
hamper good external cooling and proper dissection of important structures. We 
know from the literature that kidney damage is more frequent whenever kidney 
alone are procured, especially when they are taken from DCD. The surgical damage 
caused during kidney-only procurement is the result of various circumstances, such 
as the failure to properly train the procurement team, the fatigue of the team (e.g. a 
second or third procurement overnight), insufficient knowledge of the anatomy, 
unnecessary routines, the rush and even sometimes the takeover by a less experi- 
enced team which is often sent with the (false) thought that it is very easy to deal 
with a kidney-only procurement [28, 29, 46-50]. 
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Finally, I want to recall the French experience in organ retrieval which is per- 
formed by urologists involved in the national renal transplantation program. They 
also have to deal with transplant complications. Arterial lesions were more fre- 
quently observed during single-organ procurement in procedures performed by less 
experienced surgeons, with less than 30 organ procurements with 12% organ injury 
vs. more than 30 multiorgan procurement procedures with only 3% organ injury. 
Surgical injuries were more frequently observed during single-organ procurements 
than during multiorgan procurements: 8.2% versus 3.7% [50]. 

Surgical damage may affect all of a kidney’s elements such as the capsule and 
parenchyma, the renal vessels and the pelvis and the ureter. A lot of kidney damage 
can be repaired, but keep in mind that if there are too many and large damages the 
chance of complications in the recipient will increase and that the graft survival 
expectancy will get much shorter. Unfortunately, sometimes the damage to the 
parenchyma of the kidney or the kidney vessels is irreparable—then the kidney will 
not be transplanted and the person who was supposed to receive the transplant may 
have lost his/her last chance of being transplanted. Let us remember that by carrying 
out a successful kidney transplant, we are helping two patients: the one whose 
kidney has been transplanted and the one for whom a place in a dialysis center has 
become available. 

In this section, I would like to introduce my new surgical technique of 
kidney-only procurement from deceased donors. This technique allows procure- 
ment through a median laparotomy with or without the opening of the sternum. In 
the case of any organ or vessel removal from the chest or from obese patients, the 
chest is opened by performing a sternotomy. Some authors state that the higher 
incidence of delayed graft function (DGF) among kidney-only donors might be 
explained by their older age; other authors attribute a higher incidence in multi- 
organ donors to unrecognized warm ichemia during abdominal organ retrieval [28]. 

The surgical technique I would like to present is not only fast and easy to learn, 
but it also provides a very stable surgical field and thus protects the kidneys, their 
vessels, the renal pelvis and ureters as much as possible from any surgical damage 
and mistakes made by the procurement surgeon. I invented this technique and 
improved it for two to three years until I found it so simple and easy to learn that it 
is for me a great satisfaction to describe it and share it with the readers of this book 
[28-51]. 
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2.3.2 Kidney-only Procurement from Donor with Brain 
Death (DBD) without Sternotomy: A Step-by-step 
Surgical Technique 


2.3.2.1 Introduction 


Extensive time out with the procurement team(s) and transplant coordinator in a 
DBD procedure is conducted before donor transportation to the OR. The time out 
focusses on discussing the relevant patient information, the theater preparation, the 
transportation from ICU to OR, the placing of the donor on the OR table with a 
sufficient amount of staff, identification, checking the surgical equipment and 
explanation of the initial surgical steps. 

The donor in the OR is placed on the operating table in a supine position. 
Most DBD donors are hemodynamically stable and, at the beginning of the 
abdominal organ procurement, the surgeon can palpate everything and everywhere 
in the abdomen, such as the arteries’ pulsations. The surgeon has more time to 
dissect the tissues, great vessels, mobilize the organs, recognize anatomical 
abnormality and peform a thorough inspection of the organs in the abdominal 
cavity. 


2.3.2.2 Surgical Steps 


1. Disinfect the operating field and cover it with sterile surgical drapes. Disinfect 
the body surface and cover with sterile incise drapes (“Steri-Drape”). The 
draping starts from the neck, 2—3 cm above the jugular notch of the sternum and 
2 cm below the pubic bone, lateral sides the disposable sterile operating drapes 
are located along the mid-axillary line (Fig. 2.44). 

2. Perform the median laparotomy from the xiphoid process of the sternum to the 
pubic bone (Fig. 2.45). Ligate and cut round the ligament of the liver (liga- 
mentum teres, or ligamentum teres hepatis) and the liver’s falciform ligament. 
Cut close to the abdominal wall up to the hepatic veins. 

3. Install a professional retractor to the operating table and fix it at the level of the 
donor’s pubic bone. Use the attached retractor blades and pull the right 
abdominal wall to the right and the left wall to the left, and try to obtain the 
maximum opening of the abdomen. 

4. Perform a right medial visceral rotation—the Cattell-Braasch manoeuvre is a 
technique to mobilise the ascending and 1/3 transverse colon, small bowel, and 
the extensive Kocher manoeuvre the duodenum, the right part of the pancreas- 
head and neck up to the right side of the abdominal aorta, celiac trunk and 
superior mesenteric artery (Fig. 2.46). 
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Fig. 2.44 Disinfected operating field is covered with surgical foil Steri-Drape. The operating field 
has been covered from the bottom (1-2 cm below the symphysis of the pubic bone, next to the top) 
10-15 cm below the jugular notch of the sternum handle and at the end the sides (this is the middle 
axillary line). 1—Sterile self-adhesive foil Steri-Drape, 2—Sterile drape sticked to sterile surgical 
draping 


Fig. 2.45 Median laparotomy. 1—Abdominal wall, 2—Teres ligament before cutting and ligation 
just above the falciform ligament 
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Fig. 2.46 Right sided medial visceral rotation: the Cattel-Braasch maneuver and additionally the 
extensive Kocher maneuver. Avascular plane. Extensive mobilization of the duodenum, pancreas 
head and neck from right side of the abdomen to the abdominal aorta, CT and superior mesenteric 
artery. 1—Right lobe of the liver, 2—Right kidney, 3—IVC, 4—Left renal vein, 5—Duodenum, 
6—Hepato-duodenal ligament, 7—Posterior surface of the pancreatic head, 8—Appendix 


10. 


Dissect the abdominal aorta and IVC, starting from their bifurcations up to the 
left renal vein or in the opposite direction (watch out for extra renal arteries to 
the right kidney, which may run on the anterior wall of the IVC) (Fig. 2.47). 
Place two thick vascular ligatures around the aorta and IVC just above their 
bifurcations (four ligatures); fix the ends of each ligature outside the abdomen 
with a small vascular clamp (Fig. 2.48). 

Localize the CT and SMA and dissect them; free the abdominal aorta wall 
between the upper edge of the left renal vein and the SMA (Fig. 2.49). 

Cut the left triangular ligament of the liver and turn the mobilized left lobe to 
the right side. 

Cut the hepatogastric ligament (if there is any left accessory hepatic artery 
present, cut and ligate it) to reach the right and the left crus of the diaphragm, 
the abdominal aorta and CT under the diaphragm. 

Use a long right-angled surgical clamp to dissect the tissues with the help of 
coagulation. Cut the right and left crus of the diaphragm, slowly dissect and 
visualize the abdominal aorta under the diaphragm. In the second step place a 
vascular sling or long thick vascular ligature around the abdominal aorta, pin 
their ends together with a small vascular clamp and place each one of them 
outside the abdomen (Fig. 2.50) [31-33]. 
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Fig. 2.47 The anterior and lateral surfaces of the abdominal aorta and IVC have been dissected 
from the left renal vein up to their bifurcations. 1—Right ureter, 2—IVC, 3—Abdominal aorta, 
4—Left renal vein 


Fig. 2.48 Abdominal aorta and IVC have been dissected from the left renal vein up to their iliac 
vessels; two thick ligatures are placed around the aorta and IVC close to their bifurcations, the ends 
of each ligature are moved beyond the abdomen and closed with a small vascular clamp. 1—One 
of the two thick ligatures located around the IVC, 2—One of the two thick ligatures located around 
the abdominal aorta, 3—IVC, 4—Abdominal aorta, 5—Left renal vein, 6—Right ureter, 
7—Gallbladder, 8—Right lobe of the liver 
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Fig. 2.49 SMA and abdominal aorta between the left renal vein and the SMA have been dissected. 
The SMA should be dissected at a distance not further than 1.5 cm from the abdominal aorta. 
1—SMA, 2—Abdominal aorta, 3—Left renal vein, 4—Abdominal aorta, 5—IVC, 6—Right ureter 


Fig. 2.50 The right and the left crus of the diaphragm have been cut off. The dissected abdominal 
aorta lies below the diaphragm. 1—Abdominal aorta below the diaphragm, 2—Caudate lobe of the 
liver, 3—Pancreas upper edge, 4—A thick ligature or vessel-loop is placed around the abdominal 
aorta just below the diaphragm 
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Warning! (Clamping the thoracic aorta above the left diaphragm without 
thoracotomy) 

Despite the promises which we may have made to the donor family to not open the 
chest,remember that sometimes the maximum opening of the abdominal cavity with 
a long incision and a professional abdominal retractor is not enough to be able to 
retrieve abdominal organs safely and without any surgical damage. Due to the very 
small space and bad access to the upper abdomen, the whole procedure may be 
difficult. Abdominal organ procurement could be especially difficult in obese or 
very tall and narrow donors, for example when you have to mobilize the left liver 
lobe in order to free the aorta below the diaphragm. If it is impossible to perform, it 
should not be done due to the high risk of damage to the abdominal aorta, especially 
in the donor who has undergone surgery of the subphrenic, thoracic or heart area. 
Remember that damage to the aorta—such as heavy hemorrhaging and bad organ 
perfusion—can cause a complete destabilization of the donor. The second method 
of rapid closure of the abdominal aorta is to cut the diaphragm under the left costal 
arch, free the lower surface of the left lung from the diaphragm and then lift up and 
press it against the chest wall with the retractor blade so that you can locate the 
aorta on the left side of the vertebral column in the left pleural cavity of the chest. 
The descending aorta can be quickly and efficiently found in the left thoracic cavity 
and dissected from the surrounding tissue with the fingers or a right-angled surgical 
clamp and closed with a vascular clamp. 


Warning! (The pericardial sac should be opened last!) 

In my opinion, opening the pericardial sac by cardiac or abdominal surgeons in 
order to assess the suitability of the heart for transplantation is a mistake at the 
beginning of multiorgan procurement. Three times in my 30-year career in various 
countries, excessive and intensive heart inspection by cardiac surgeons has resulted 
in irreversible donor arrhythmias after which cardiac arrest and reanimation and 
finally the loss of the heart and in one case also the lungs. That is why I am against 
the opening of the pericardial sac and the heart examination at the beginning of the 
multiorgan retrieval. I prefer to carry out a heart inspection after the abdominal 
organs have been dissected and freed in such a way that in the event of cardiac 
arrest the abdominal team will be able to save the abdominal organs. On the other 
hand, whenever a heart inspection was performed after the dissection and prepa- 
ration of the abdominal organs, not one of the donors from whom I had procured 
organs had a sudden stop of circulation [31]. 


11. Ask the anesthesiologist to give intravenous heparin in an amount of 200-300 
units/kg/BW for adults and 500 units/kg/BW for children (BW=body weight). 
Remember that heparin works rapidly but not immediately, which means within 
3-5 min after intravenous injection [31]. 

12. Cannulation of the abdominal aorta. With the first lowest ligature placed around 
the abdominal aorta, ligate the aorta at the level of its bifurcation. Close the 
abdominal aorta with your fingers or a vascular clamp 5—10 cm above the first 
tied ligature. With scissors, transversely (40% of the circumference) cut the 
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Fig. 2.51 Aortic cannula inserted into the aorta’s lumen and fixed with thick ligatures. 1—The 
aortic cannula was filled with a cold preservation solution without air bubbles and then inserted 
into the lumen of the aorta and secured with two thick ligatures. 2—IVC 


aorta 2-3 cm above the first ligated ligature and insert the cannula into the 
aorta’s lumen and tie it with a second thick ligature placed around it. With the 
same ligature fix the aortic cannula in such a way that it does not slip out of the 
aorta when the clamp is removed and/or the perfusion begins. To fix the 
properly placed aortic cannula into the lumen of the aorta, we usually use a 
second upper thick ligature previously ligated around the abdominal aorta and 
cannula. The entire aortic perfusion system before perfusion is closed by a 
clamp placed 30-40 cm before connection between the aortic cannula and the 
connector which joins a reservoir with cold perfusion fluid and heparin with 
that of the aortic cannula (Fig. 2.51). 


Warning! (How to fix bleeding after aorta cannulation) 

Sometimes after inserting the cannula into the lumen of the abdominal aorta and fixing 
it, we have a problem with bleeding from the place of insertion into the abdominal 
aorta or from the place where the aorta is cut, or below the level of its bifurcation. In all 
cases we are dealing with a leak. The first case you can solve by putting a new ligature 
around the aorta and the cannula in it and ligating it until the blood leakage between 
the cannula and the abdominal aorta’s wall stops. In the second case, close the lumbar 
arteries with a metal clip or ligate them. In the third case put a new ligature and ligate it 
more strongly or put a big clip behind first ligature [31, 32]. 


Warning! (Inferior mesenteric artery: to ligate or not to ligate?) 
The question is whether to ligate or not ligate the inferior mesenteric artery 
(IMA) before aortic cannulation. First of all ligating the IMA has no effect on the 
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blood supply to the left half of the large intestine and so there is no influence on the 
procurement process at all. The only indication for a ligation of the IMA is a very 
short distance between the aorta’s bifurcation and the IMS itself. The very short 
distance may lead to a difficult aortic closing and cannulation and difficulties with 
aortic cannula fixation, large blood loss, an unstable patient and—as a result—badly 
perfused and damaged organs [31-33]. 


13. IVC cannulation. After cannulation of the abdominal aorta, the second large 
vessel which must be cannulated for decompression of the entire system is the 
IVC. We use a chest tube for this purpose. With sternotomy the first place of 
choice for venue decompression of the entire system is the right atrium or the 
IVC 2-3 cm above the diaphragm. In this case decompression of the IVC in the 
abdominal cavity is our first choice. As the first step, ligate the IVC with the 
first lowest ligature at the level of its bifurcation or some millimeters above. 
When the IVC is closed crosswise with fingers or a vascular clamp, then cut 
transversely and cannulate with a chest tube. The upper ligature around the IVC 
is tied on the wall of the IVC and the chest tube. Try to eliminate any degree of 
blood leakage and treat it as a blood leak from the aorta after its cannulation. 
The chest tube, once placed in the ICV and fixed, is connected to a drain that 
takes away the preservation solution mixed with the donor’s blood into a 
special container located under the operating table. Before starting the perfu- 
sion, we must first decompress the venue system. For this purpose, we first 
remove the clamp from the chest tube inserted into the IVC (Fig. 2.52). 
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Fig. 2.52 Cannulation of the IVC with a chest tube. 1—Aortic cannula already placed into the 
lumen of the abdominal aorta, 2—Chest tube, 3—IVC, 4—Abdominal aorta, 5—Left renal vein, 6 
— Right ureter 
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Fig. 2.53 Below the diaphragm, the abdominal aorta has been closed with a vascular 
clamp. 1—Vascular clamp, 2—The cut off crura of the diaphragm, 3—Caudate lobe of the 
liver, 4—Closed abdominal aorta in the subphrenic region 


14. Just before beginning or just after the start of perfusion of the abdominal 
organs, close the abdominal aorta under the diaphragm with a vascular clamp 
(Fig. 2.53) or ligate it with a thick ligature (Fig. 2.54). 

15. First open the clamp that closes the IVC decompression system, then the 
second clamp that closes the aortic perfusion system and start the internal 
rinsing and cooling of the abdominal organs. Additionally, the abdominal 
organs should be cooled externally by systematically adding cold sterile saline 
or Ringer’s solution and sterile ice slush or ice cubes to the abdominal cavity. 

16. Cut and close the hepatoduodenal ligament with a vascular stapler or between 
two vascular clamps (Fig. 2.55). 
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Fig. 2.54 The aorta was tied with a thick surgical ligature under the diaphragm. 1—Left lobe of 
the liver, 2—Abdominal aorta below the diaphragm is tied, 3—Left dome of the diaphragm, 
4—Esophagus surrounded with a vessel loop, H—Towards the head, F—Towards the feet, 
L—Left side 


Fig. 2.55 Cutting and closing with a gastrointestinal stapler (GIA) a hepatoduodenal ligament, 
which can also be good for this purpose with a vascular cartridge. 1—Left lobe of the liver, 
2—Hepato duodenal ligament, 3—Stapler (GIA), 4—Duodenum: pylorus level 


92 2 Non-laparoscopic Kidney Procurement Techniques ... 


Fig. 2.56 A vascular or (GIA) stapler or big vascular clamp is placed longitudinally and 
5-10 mm above the anterior surface of the abdominal aorta. Be sure of your staple position. Close 
and cut with a vascular or (GIA) stapler or clamp, the SMA and CT. The stapler or clamp are 
inserted from below, i.e. from the aortic bifurcation and IVC towards the diaphragm. 1—SMA and 
CT closed with a stapler. 2—Stapler: GIA (blue cartridge), 3—Left renal vein 


17. Close at the same time the SMA and CT and cut with a vascular stapler or use 
to close a large long clamp; place it parallel and 1 cm above the aorta and then 
cut the vessels 2 cm above the placed clamp to avoid it slipping. The stapler or 
clamp is inserted from below, that is to say from the side of the SMA towards 
the diaphragm. At this point, the CT and the SMA with the celiac plexus are 
closed and cut, then the only organs that are perfused in the abdominal cavity 
are the kidneys (Fig. 2.56). 

18. Using a big syringe aspirate the gastric contents then replace the gastric tube 
from the stomach to the esophagus above the diaphragm and cut the esophagus 
under the diaphragm with a GIA (use a vascular or intestinal catridge or stapler) 
(Fig. 2.57). 
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Fig. 2.57 Move the stomach tube from the stomach to the esophagus. Cut and close the 
esophagus with a vascular or intestinal staple under the diaphragm. 1—Stapler, 2—Liver left lobe, 
3—Spleen, 4—Liver right lobe 


19. Mobilize the following abdominal organs with scissors: stomach, duodenum, 
pancreas, small intestine and large intestine including the descending colon in 
one bloc. When fully mobilized, move them outside of the abdomen and place 
them on the donor’s thighs. Organs that remain in the abdomen are the kidneys, 
liver (not perfused) and large vessels (Fig. 2.58). 
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Fig. 2.58 The following abdominal organs have been mobilised: stomach, duodenum, pancreas, 
small intestine and ascending, transverse and descending colon. All abdominal organs were 
mobilised without disruption of the small and large intestines and placed on the thighs of the 
deceased organ donor. 1—Abdominal aorta under the diaphragm closed with clamp, 2—External 
cooling of organs with cold sterile solution and sterile ice, 3—Abdominal part of the esophagus, 


stomach, pancreas, spleen, small and large intestine have been mobilized from the abdominal 
cavity and placed on the donor’s thighs 


20. In order to obtain better external cooling, add more cold sterile saline or 
Ringer’s solution into the abdominal cavity and add ice (Figs. 2.59 and 2.60). 
The liver if necessary is stabilized with one of the blades of a professional 
abdominal retractor, to facilitate retrieval of the right kidney, push the liver, into 


the right upper corner of the abdomen together with right diaphragm (Figs. 2.67 
and 2.68). 
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Fig. 2.59 For better external cooling of the kidneys, during perfusion more cold sterile 0.9% 
NaCl solution and ice is added in the abdominal cavity. The donor liver which is left in the 
abdomen is stabilized (pushed up with the blade of the retractor towards the right dome of the 
diaphragm). 1—Left lobe of liver, 2—External ice cooling right kidney, 3—External ice cooling 
left kidney, H—Head, L—Towards patient’s legs, R—Right side 


21. If you retrieve abdominal organs from a very obese donor with a thick layer of 
fat surrounding the kidneys, you can mobilize their posterior surfaces from the 
retroperitoneal space and then cover both of their surfaces with sterile ice for 
the best possible external cooling (Fig. 2.60). 

22. The further steps concerning the surgical technique of kidney procurement 
havebeen described earlier in section 2.2.2). 
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——— 


Fig. 2.60 In the case of a very obese patient and a thick layer of fat surrounding the kidney, 
I recommend mobilizing the posterior surfaces of both kidneys from the extraperitoneal space to 
better cool both kidneys by covering their front and back with ice for the best possible external 
cooling. 1—Right kidney, 2—Left kidney, 3—Left lobe of liver, R—Right side of donor, L—left 
side of the donor 


2.3.3 Kidney-only Procurement from Deceased 
Donor—with Sternotomy Surgical Technique—brief 
description 


2.3.3.1 Introduction 


Extensive time out with the procurement team(s) and transplant coordinator in DBD 
procedure is done before transportation to the OR. The time out focuses on dis- 
cussing relevant patient information, theater preparation, the transportation from 
ICU to OR, the placing of the donor on the OR table with a sufficient amount of 
staff, identification, re-intubation, checking of surgical equipment and explanation 
of the initial surgical steps. 
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Fig. 2.61 Midline laparotomy and sternotomy. 1—Professional thoracic retractor, 2— 
Professional abdominal retractor, 3—Mediastinum, 4—Abdominal cavity—small bowel. Before 
sternotomy the liver from the abdomen cavity is covered with a large wet gauze 


2.3.3.2 Surgical Steps 


Noe 


Disinfection and draping of the operating field. 


. Perform a midline laparotomy and sternotomy; install a professional abdominal 


and thoracic retractor (if necessary cut the diaphragm close to the thoracic cavity 
on both sides) (Fig. 2.61). 

Perform the Cattel-Braasch maneuver and the Kocher maneuver [2, 33, 34]. 
Ask the anesthetist to administer heparin 25,000—30,000 IU intravenous (I.V.); 
wait 5 min. 

Perform cannulation of the abdominal aorta above its bifurcation (Fig. 2.63) as a 
first choice. 

Ligate the IVC with one thick ligature at its bifurcation level or just above it. 
Open the pericardial sac and cut the IVC at the level of the right atrium of the 
heart or 2—3 cm above the diaphragm. Place good suction in both pleural 
cavities, but if you have only one, place it in the right thoracic cavity. 


Warnings! (IVC decompression choices) 


First choice—make a big cut at the level of the right atrium or 2-3 cm above the 
diaphragm (Fig. 2.62). 

Second choice—ligate the IVC close to the bifurcation, 2-3 cm above the first 
ligature; place into the IVC lumen a sterile chest tube (20 or 22 F) and fix it 
(Fig. 2.63). 
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Fig. 2.62 First choice of system decompressing by opening the IVC at the level of the right 
atrium. 1—IVC, 2—4 cm above the diaphragm, 2—Right atrium, 3—Heart, 4—Diaphragm, 5— 
Liver, 6—Poole suction tube located in the IVC. The blood of the donor and preservation solution 
are drained in the right thoracic cavity 


Fig. 2.63 Cannulated aorta and IVC. Aortic and IVC both cannulae closed with clamps. 1—The 
chest drain and 2—Aortic drain are closed with clamps; aortic cannula is connected to a bag with a 
cold preservation solution, 3—The chest drain is placed into a special container located near the 
operating table, 4—Abdominal retractor 
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Fig. 2.64 Closing of the descending aorta close to the diaphragm with vascular clamp in the left 
thoracic cavity. 1—Vascular clamp, 2—Descending aorta, 3—Left diaphragm, 4—Left side of 
vertebral column 


e Third choice—near and above the IVC bifurcation by cutting and placing an 
into the lumen of the IVC by surgical suction (unstable or obese organ donors) 


8. Close the thoracic aorta in the left thoracic cavity. After the sternotomy, 
destroy the left transversus thoracic muscle (attached to the left side of the 
sternum), this gives you access to the left thoracic cavity. As the next step, if 
necessary, free the base of the left lung and remove it from the left thoracic 
cavity and find the descending (thoracic) aorta. This lies on the left side of 
the vertebral column in the upper part of the posterior mediastinum running 
on the left side of the spine; free it with your fingers or a right-angled clamp 
and close it transversally with a vascular clamp (Fig. 2.64). 

9. Start the organ perfusion. The next steps are carried out in the same way and 
in the same sequence as described in Sect. 2.3.2. 
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2.3.4 Surgical technique for Deceased Donor Kidney 
Procurement without Sternotomy with direct access 
to the lumen of the Abdominal Aorta using a large 
bore cannula 


2.3.4.1 Introduction 


DCD, previously referred to as donation after cardiac death or non-heart beating 
organ donation (NHBD), refers to the retrieval of organs for the purpose of 
transplantation from patients whose death is diagnosed and confirmed using the 
cardio-respiratory criteria. After an irreversible cardiac arrest, the patient is declared 
as dead and as a potential organ donor and from that moment the intensive work of 
the entire team begins to prepare for organ donation. In the UK, an average of 2.7 
transplantable organs are retrieved from DCD donors, compared to 3.6 from DBD 
donors. The biggest contribution of DCD is to kidney transplantation, with 39% of 
all deceased donor kidney transplants coming from this source in 2019-2020. The 
lower donation potential of DCD donors is in large part a result of the ischemic 
injury suffered by solid organs in the time interval between treatment withdrawal 
and cold perfusion, with the liver and pancreas being particularly vulnerable. For 
kidney grafts this is reflected in a higher incidence of delayed graft function (re- 
quiring a short period of post-implantation renal support), although long term 
outcomes are similar to DBD grafts. Before treatment withdrawal and donor death 
the first time of warm ischemia, should be as short as possible and should not 
exceed 2 h [6-18, 24, 31]. 

Extensive time out with the procurement team(s) and transplant coordinator in 
the DCD procedure is done before the withdrawal of treatment. The time out 
focuses on discussing the relevant patient information, theater preparation, trans- 
portation from ICU to OR, the placing of the donor on the OR table with a sufficient 
number of staff, identification, re-intubation, checking the surgical equipment and 
explanation of the initial surgical steps. 


2.3.4.2 Surgical Steps [24, 31] 


1. Rapid disinfection and draping of the operating field. 

2. Make with a knife (scalpel) a long midline incision from the sternal notch to the 
symphysis pubis. On both sides of the navel capture the donor skin with two 
Backhaus napkin clips and pull them upwards. Now the surgeon can begin to 
open the abdominal wall, with a scalpel and then with scissors from the xiphoid 
process of the inferior part of the sternum to the pubic bone. 

3. Install a professional abdominal and thoracic retractor (if necessary cut the 
diaphragm close to the thoracic cavity on both sides). It is very important to 
create a stable operating field during kidney-only procurement (Fig. 2.61). 
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10. 


11. 


12. 


13. 


14. 


15. 
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. Replace the bowel to the right side of the abdominal cavity. Ask your assistant 


to take positions to the right of the donor and the left of the operator. His/her 
task will be to hold to the right side of the abdomen the intestines until the 
abdominal aorta is cannulated and the IVC is decompressed. 


. Perform quick cannulation of the abdominal aorta and IVC above its bifurca- 


tion (as a first choice). 


. Clamp the abdominal aorta above the CT or under the diaphragm. 
. First decompress the IVC and as a next step start aortic perfusion and external 


organ cooling. 


. Perform a right medial visceral rotation: the Cattell-Braasch and the extensive 


Kocher maneuver 


. Cut with a vascular stapler or GIA (white cartridge) the hepatoduodenal liga- 


ment or cut it between two vascular clamps. 

Cut with a stapler or scissors the hepatogastric ligament (if there is a left 
accessory or aberrant hepatic artery present then cut it), if necessary mobilize 
the left liver lobe and turn the liver over to the right. 

Decompress the stomach using the gastric tube and then replace the gastric tube 
with the upper part of the oesophagus. Cut and close the abdominal portion of 
the oesophagus using the gastrointestinal or vascular stapler. 

Close together the SMA and CT with a GIA or vascular stapler or vascular 
clamp about 1-2 cm above where they arise from the aorta. The stapler or 
clamp is inserted from below, i.e. from the side of the superior mesenteric 
artery, towards the diaphragm. At this point, the CT and the SMA together with 
the surrounding tissues are closed and cut. In the case of a vascular clamp, cut 
with scissors all the tissues 2 cm above the clamp. At this point, the CT and the 
SMA with the celiac plexus are closed and cut and then the only organs that are 
perfused in the abdominal cavity are the great vessels and kidneys. 

Mobilize with scissors the following abdominal organs: the stomach, duode- 
num, pancreas, small intestine and large intestine including the descending 
colon in one block. When fully mobilized, move them outside the abdomen and 
place them on the donor’s thighs. The organs that remain in the abdomen are 
the large vessel kidneys which are well perfused and cooled and the liver which 
is not perfused and preserved (Fig. 2.65). 

In order to obtain a better external cooling, add a cold sterile saline or Ringer’s 
solution into the abdominal cavity and add ice. The operating field is now very 
stable and transparent (Fig. 2.66). Now we have enough time to check the 
perfusion quality of both kidneys. In an obese donor, there is a large amount of 
fat around the kidneys. If possible, try to reduce this fat in the donor's body 
before packing or putting the kidneys on the perfusion machine. The liver is not 
perfused but is stabilized with one of the special blades of a professional 
abdominal retractor, pushing it into the upper right corner of the abdominal 
cavity, under the right diaphragm. 

The further steps concerning the surgical technique of kidney procurement have 
been described earlier (Sect. 2.3.2). 
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Fig. 2.65 DCD: kidney-only procurement without opening the chest. Total mobilization of 
organs from the abdominal cavity: stomach, duodenum, pancreas, small intestine and large 
intestine including the descendant are mobilized from the abdominal cavity and placed on the 
donor’s thighs. 1—Closing clamp of the abdominal aorta above the celiac trunk, 2—Left kidney, 
3—Abdominal organs outside abdominal cavity 


Warning! 

DCD is an operation in which time, experience, speed and precision of movements 
count. If you are not trained sufficiently and you get stressed easily, remember that 
it is easy to make mistakes. In this case, be careful when cutting the peritoneum 
from the right external iliac artery to the bifurcation of the aorta—the right ureter is 
in your the way and is “waiting for you” not to be damage or cut it at this level. 


Warning! (DCD and heparin doses) 

In a DCD donor, prior administration of heparin is not possible, so it is adminis- 
tered in the organ preservative fluid in the amount of 40—60 thousand international 
units (IU) in every preservation solution bag. On average, there are 20-30 thousand 
international units of heparin in each 5 L bag of the preservation solution. 
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Fig. 2.66 DCD kidney-only procurement without opening the chest. The operating field is very 
stable and transparent. Due to the high BMI of the donor and a large amount of perirenal fat, in 
order to maintain proper external cooling of the kidneys, the latter were mobilized from the 
retroperitoneal space and covered with cold ice on both sides. 1—Left liver lobe, 2—Right kidney, 
3—Left kidney, H—Head, R—Right side, L—Legs 


Warning! (IVC decompression) 
Decompression of the IVC depends always on the situation, according to the 
previously described methods. 


Warnings! (The hepato duodenal and hepatogastric ligament) 

The fastest way to reach the aorta above the CT is by cutting the hepatoduodenal 
ligament and hepatogastric ligament with a 60-80-120 mm long vascular stapler or 
GIA with white cartridge, pushing the liver with one of the blades of a retractor 
upwards and pulling the pancreas head downwards—this movement gives you very 
good access to the hepatogastric ligament, the lesser curvature near the right and left 
crus of the diaphragm and the abdominal aorta above the CT. Now cut the right and 
left crus of the diaphragm, prepare around the aorta, take it around on the vessel 
loop above the CT and close it with a vascular clamp. I recommend this method—it 
is safe, fast and works well, especially in obese donors. 
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2.3.5 Surgical Technique for Kidney-only Procurement 
from the Donor after Circulatory Death 
(DCD) with Sternotomy (in Brief) 


2.3.5.1 Introduction 


Now I will briefly describe the technique of kidney procurement as the only 
abdominal organ, combined with lung retrieval as the only thoracic organ. 
Performing a laparotomy combined with a sternotomy provides a very clear and 
stable operating field with the ability to quickly find and cannulate the abdominal 
aorta above its bifurcation. Next, close the aorta in the left thoracic cavity just above 
the diaphragm and as a last step before the organ perfusion decompress the [VC 
above the level of the right diaphragm or right atrium (Fig. 2.67). 


Fig. 2.67 DCD with chest opening. Laparotomy and sternotomy were performed, which resulted 
in a clear and stable operating field with the ability to quickly find and close the aorta in the left 
thoracic cavity and decompress the IVC at the level of the right atrium. 1—Liver pushed by 
retractor blade up towards right diaphragm, 2—Vascular clamp that closes the thoracic aorta in the 
left thoracic cavity above the diaphragm, 3—Right kidney, 4—Left kidney, 5—Left lung, 
6—Behind the retractor blade is an open pericardial sac with IVC decompression cut 
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2.3.5.2 Operation Steps [24, 31] 


10. 


12. 


13. 


. Rapid disinfection and draping of the operating field. 
. Perform a long midline incision from the sternal notch to the symphysis pubis 


with a knife (scalpel). With two Backhaus towel forceps, catch the skin on the 
left and right side of the navel of the donor and pull it upwards. Begin now with 
opening the abdominal wall with a scalpel and then continue with the scissors 
to the xiphoid sternum and to the pubic bone. 


. Perform the sternotomy with a pneumatic or Gigli saw (alone or simultaneously 


with one of the thoracic surgeons). 


. Install an optimal abdominal and thoracic retractor. Cut the diaphragm close to 


the thoracic cavity up to the midaxillary line on both sides. Slowly open the 
thoracic retractor to its maximum and reposition the abdominal wall blades to 
create a stable operating field (Fig. 2.61). 


. Replace the bowel to the right side of the abdominal cavity. Ask your assistant to 


take his/her position to the right of the donor and to the left of the surgeon. His/ 
her task at this moment is to hold the intestines to the right side of the abdomen 
until the abdominal aorta is cannulated and the IVC is decompressed (Fig. 2.65). 


. Free the abdominal aorta above its bifurcation, perform a quick cannulation of 


the abdominal aorta, and ligate the IVC above its bifurcation (as a first choice) 
—do not start the abdominal organ perfusion yet! 


. After the sternotomy destroy the left transversus thoracic muscle. This gives 


you access to the left thoracic cavity as the next step is to move the left lung 
from the left thoracic cavity and pull it up to the right. Now it is easy to find the 
descending (thoracic) aorta. It lies on the left side of the vertebral column in the 
upper part of the posterior mediastinum; free it with your fingers or right angled 
clamp and close it transversally with a vascular clamp (Fig. 2.64). 


. Decompress the IVC by cutting it at the level of the right atrium or above the 


diaphragm (Fig. 2.63); as a next step start the aortic perfusion and external 
organ cooling by adding cold sterile saline or Ringer’s solution into the 
abdominal cavity and ice (Fig. 2.68). 


. Perform a right medial visceral rotation—the Cattell-Braasch manoeuvre and 


the extensive Kocher manoeuvre. 
Cut the hepatoduodenal ligament with a vascular stapler or GIA with a white 
cartridge or cut it between two vascular clamps. 


. Cut the hepatogastric ligament with a stapler or scissors (if there is a left 


accessory or left aberrant hepatic artery present then cut it, but do not ligate it) if 
the donor is obese and, if it is necessary, mobilize the left liver lobe. 
Decompress the stomach using the gastric tube. Next, replace the gastric tube 
higher in the esophagus, cut and close, with a GIA or a vascular stapler, the 
abdominal part of the esophagus. 

Close the SMA and CT with a GIA or a vascular stapler or a vascular clamp 
about 1-2 cm above where they arise from the aorta. The stapler or clamp is 
inserted from below, that is to say from the side of the SMA, towards the 
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Fig. 


2.68 DCD kidney-only procurement with chest opening. At the Start of perfusion the 


abdominal organs receive internal and external cooling. 1—External cooling of the abdominal 
organs using ice and a cold 0.9%NaCl saline solution, 2—Left kidney, 3—Liver, 4—Closed aorta 
with vascular clamp in the left thoracic cavity, 5—Surgery suction in the left pleural cavity, 6— 
Mobilized organs of the abdominal cavity mobilized and placed on the donor’s thighs, 7—Aortic 
cannula, 8—Abdominal retractor 


14. 


15. 


16. 


diaphragm. In the case of using a vascular clamp, cut with scissors all the 
tissues and vessels 2 cm above the clamp. Then the only organs that are per- 
fused in the abdominal cavity are kidneys. 

Mobilize with scissors the following organs from the abdominal cavity: 
stomach, duodenum, pancreas, small intestine and large intestine including the 
descending colon. When fully mobilized, move them outside the abdomen and 
place them on the donor’s thighs. The organs that remain in the abdomen are 
the kidneys which are well perfused and cooled and the liver which is not 
perfused and preserved (Fig. 2.65). 

In order to obtain a better external cooling, add a cold sterile saline or Ringer’s 
solution into the abdominal cavity and add ice. The operating field is now very 
stable and transparent. Now we have enough time to check the quality of the 
perfusion of both kidneys and, if there is a large amount of fat around the 
kidneys during perfusion, reduce the fat or put both kidneys in sterile ice bags. 
The liver, if necessary, is stabilized with one of the special blades of a pro- 
fessional abdominal retractor, pushing it into the upper right corner of the 
abdominal cavity, under the right diaphragm (Figs. 2.67, 2.68, and 2.69). 
The further steps concerning the surgical technique of kidney procurement have 
been described earlier in Sect. 2.2.2. 
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\ À 4 Li 
Fig. 2.69 DCD kidney only. After external and internal cooling and preservation, the fluid from 
the abdominal cavity was sucked out and the ice removed. The kidneys were the only organs from 


the abdominal cavity before removal. 1—Liver, 2—Right kidney, 3—Left kidney, 4—Sigmoid 
colon, 5—Closing aorta in left thoracic cavity, R—Right side, L—Left side, H—Head 


Warnings! 

Keep the temperature in the abdominal cavity as low as possible and extract the 
organs quickly and carefully. After removal, every organ should be immediately 
immersed in a special bowl filled up with cold preservation solution with slushed 
ice, awaiting inspection and bagging/machine connection. 


Comment! 

Retrieving only the kidneys from donors after circulatory death may be more difficult 
than abdominal multiorgan procurement, especially if the donors are obese and the 
family or donor agreed to donate only the kidneys or kidney without opening the 
chest. In the literature techniques of kidney-only retrieval and displacing most of the 
organs outside the abdominal cavity were described some years ago by me. I hope 
that the reader will like my surgical technique, which in my opinion is simple, quick, 
transparent and safe. All surgical techniques described in this chapter by me which 
we use in the LUMC during an organ procurement deserve to be put into clinical 
practice, because in my opinion they are fast, the only organs which are being 
preserved and cooled internally and externally are the kidneys, and the pressure of 
the preservation solution is less than in the multiorgan procurement procedures. 
Renal cooling and perfusion is perfectly controlled during retrieval and both the 
kidneys and ureters can be mobilized from the retroperitoneal space without 
exposing them to unnecessary loss of preservation solution. Using this method, I 
procured kidneys successfully dozens of times from DBD and DCD donors. As a 
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tule, I have performed procurement without and with opening the chest using a 
professional abdominal retractor. The whole operation always took me no more than 
90-150 min from skin opening to skin closure. The removed kidneys, their vessels 
and ureters have never been damaged. Both kidneys were always perfectly flushed 
and suitable for transplantation. The only inconvenience of the operation is the 
necessity of cutting the esophagus, but let us not forget that during multiorgan 
donation we cut the duodenum twice and the trachea once, therefore contamination 
of the surgical field with kidney-only donation is small and acceptable compared to 
simultaneous thoracic and abdominal multi-organ procurement. I also taught this 
method on various hands-on courses dealing with transplant fellows and surgeons 
with surgical techniques on kidney-only procurement at the following universities: 
McGill Montreal (Canada), Semmelweis Budapest (Hungary), Tours (France), 
Leiden (the Netherlands), Padua (Italy), Naples (Italy), St. Petersburg (Russia), Baku 
(Azerbaijan), Ankara (Turkey) and Ljubljana (Slovenia). 


2.3.6 The General Principles of Abdominal Organ 
Procurement from Donors After Circulatory Death 
(DCD) and Donors after Brain Death: The Same Steps 
at Different Time Periods—An Attempt to Undertake 
the Standardization of Surgical Techniques 


Remember: the quality of the procured abdominal organs from the DCD depends 
on your speed and perfect surgical skills! 


Remember: first always perfectly learn organ procurement from DBD donors and 
after that start learning very carefully organ procurement from DCD to avoid big 
surgical mistakes. Never do it the other way around. 


Introduction 


The general principles for DBD and DCD organ removal are similar. The biggest 
difference between the procedures is the pace and sequence of steps. 

In DBD procedures there is time to perform organ and vessel inspection and 
dissection before you start cooling, so this is the first priority and difference. 

In DCD it is more difficult to identify anatomical structures due to the absence of 
vessel pulsations creating a higher chance of errors during organ procurement. 

In DCD there is an absence of circulation and as a result of donor death leading 
to the ongoing warm ischemic injury and therefore rapid cannulation and cooling is 
required to decrease metabolism and preserve abdominal organs. 

In DCD procedure the organs are perfused first and examined in detail after- 
wards. The arterial vascularisation of each organ is asses at the time of organ 
procurement. If the pancreas and liver procured ‘en block’ at the time of separation, 
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the arterial vasculature should be divide, if possible, so that both organs can be 
transplanted. In some cases (anatomical anomalies), it is not possible to separate the 
arterial vasculature, in which case all the vessels must be donated to the liver and 
the pancreas if of good quality, can be sent to a centre for isolation of pancreatic 
islets for scientific research or left in the donor’s body. In the case of the kidneys, 
the vascularisation of the kidneys, both venous and arterial, is assessed at the time 
of donation (location of the left renal vein and its course in front of or behind the 
abdominal aorta, the number of renal arteries is assessed after cutting the anterior 
wall of the aorta). The quality of the parenchyma (presence of tumours and/or cysts) 
of both kidneys is assess before and after packaging after the early reduction of 
perinephric fat. 


Procurement Surgery DCD/DBD Differences 


Withdrawal of treatment 


DCD—intensive care or anesthetic room or OR 


DBD—OR after decompression and start organ perfusion 


Declaring patients death 


DCD—the patient’s physicians declares death according to the local or international 
protocol. Location: intensive care or anesthetic room or OR 


DBD—day(s) or hours before procurement by specially appointed commission 
authorized to declare the death of the brain 


Transportation 


DCD—after death determination and 5 min “no touch” period (different in different 
countries) the donor is quickly transported to the OR 


DBD—the donor is transported to the OR with all the devices which supported his/ 
her life 


Time out 


Extensive time out with the procurement team(s) and transplant coordinator. DCD 
—before withdrawal of treatment. DBD before transportation to the OR. The time 
out focuses on discussing the relevant patient information, theater preparation, 
transportation from ICU to OR, placing of the donor on the OR table with a 
sufficient amount of staff, identification, re-intubation, checking of surgical equip- 
ment and explanation of the initial surgical steps. 


Preparation of operating theater 


1. In both procedures of DCD and DBD make sure the OR is ready and everything 
is in place before the patient arrives 
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2. In contrast to the DBD procedure, the DCD surgical team has no time to 
participate in moving the body from bed to the operating table and to place the 
donor in the required position on the table 

3. The DBD surgical team has time to help with moving the donor from the bed to 
the operating table and to position and scrub him. 


Incision 
This is a long midline incision from the sternal notch to the symphysis pubis. 
DCD—with a knife without hemostasis 


DBD—using diathermy saving every drop of blood 


Aorta cannulation 


Unlike in DBD, where cannulation can be done slowly and meticulously, in DCD 
the great importance is attached to the speed. For aortic cannulation and perfusion a 
larger bore single lumen cannula or “double-balloon triple lumen catheter” can be 
used. 

The double-balloon catheter is particularly useful in patients who have had 
multiple previous abdominal operations and access to the aorta is challenging. If a 
double-balloon catheter is used, the proximal aorta does not need to be 
cross-clamped. 


Decompression of IVC 


The best choices for decompression methods one by one depends on the condition 
of the donor and whether or not the procurement is done with or without opening 
the thoracic cavity (DCD or DBD independent). 


e First choice—big cut at the level of the right atrium or 2-3 cm above the 
diaphragm 

e Second choice—close to IVC bifurcation with a sterile chest tube (20 or 22 F) 

e Third choice—near and above the IVC bifurcation by cutting and placing into 
the IVC lumen surgical suction (unstable or obese donors). 


Organ perfusion: rapid internal and external cooling 


Outcomes in recipients of DCD donor organs are very much dependent on rapid 
cooling to temperatures of less than 5 °C. This should be performed immediately 
both by internal and external cooling. Aortic cannulation, venous decompression, 
initiation of perfusion and topical cooling should be done quickly but carefully to 
avoid unnecessary surgical organ damage. 


Starting the procurement surgery 


DCD—during the perfusion and cooling of the organ, dissection, examinations and 
preparations are performed 
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DBD—precise organ examination; the preparation is finished before the organ 
perfusion and cooling 


In DBD and DCD: donors have the same surgical maneuvers performed, i.e. the 
Cattel-Braasch maneuver (the right sided visceral rotation) and the extended Kocher 
maneuver (extended pancreas head mobilization up to the right side of the 
abdominal aorta), but at a different time. In DBD the maneuvers are performed 
before the perfusion and in DCD after the perfusion. 


In DBD and DCD donors the mobilization of the left liver lobe and turning it to the 
right in search of the left aberrant hepatic artery in the hepatogastric ligament is 
performed at the same time. 


In DBD and DCD donors, the surgical technique of the abdominal organ pro- 
curement is the same after the organ perfusion: the liver and pancreas are retrieved 
en bloc following by the kidneys and vessels. To save time en bloc liver—pancreas 
dissection is preferable to in situ dissection, on the condition that a bowl filled with 
crushed ice and a preservation solution is available for the back table procedure; if 
not the liver and the pancreas have to be split in situ in the donor's body. Back table 
perfusion of the liver and/or kidneys is performed when indicated. 


The hepatoduodenal ligament dissection in DBD donors is more precise compared 
to DCD donors. 


In DBD and DCD donors there are no differences concerning the surgical technique 
of kidney procurement. The kidneys can be retrieved individually or en bloc. If the 
kidneys are being retrieved en bloc, they have to be retrieved with the abdominal 
aorta and the IVC intact, from the SMA level (including 2-3 mm of the SMA) 
down to the aortic and IVC bifurcations. 


Organ biopsy 
In DBD and DCD there is no difference. 


The principles with respect to organ biopsy are: 


a. Any suspicious lesion in either the chest or abdomen must be biopsied and 
arrangements made for an urgent frozen section and/or any other tissue sample 
processing that may be required. Consideration may need to be given to the 
availability of pathology resources (including the requisite expertise). 

b. Biopsy of the liver can be performed either in situ or ex situ. 

c. Biopsy of the kidney(s) may also be indicated in donors with risk factors for 
chronic kidney disease and is best performed on the back table after a com- 
prehensive examination of the cortex has been undertaken. Biopsies for research 
may also be taken according to national protocols. 

d. All biopsies must be appropriately packaged and labeled and the relevant 
information must be conveyed to the pathology laboratory. 
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Be aware that in DCD procedures the organs are perfused first and palpated 
later. You then check the quality of the organs, search for malignancies and 
check the arteries and (aberrant) vessels. 


Organ packing 
In DBD and DCD there is no difference. 


Allorgans are packed according to the National Standard Operation Procedures. In the 
Eurotransplant region, organs are triple bagged and immersed in preservation solution 
surrounding the organs (to protect them from freezing within the ice box); a cold 
sterile physiological solution is placed in the second bag and the third bag is dry. 

Hypothermic machine perfusion is an alternative preservation method for a 
kidney during transportation from the donor to the recipient's hospital. 


Tissue not required/suitable for transplantation 


In DBD and DCD there is no difference. 


In the Eurotransplant region, any organs or tissues that have been removed and are 
not required for transplantation, research or pathological examinations should be 
destroyed at the department of pathology or returned into the donor's body. 


Vessels 


In DBD and DCD there is no difference. 


Vessels have to be packed according to the Standard Operating Procedures for 
packing, labeling and storage documentation. 

The liver and pancreas should each be accompanied by a set of vessels (for 
example an iliac artery and vein) and if the liver is split, each part should be 
accompanied by a set of vessels. 

The liver requires an arterial graft at least 13 cm long and a vein of 5-10 cm. 

The pancreas Y arterial graft needs only to be 5—10 cm (unless the portal vein 
was cut short). 

If the iliac arteries are diseased then the carotid arteries may need to be retrieved. 

In the Eurotransplant area vessels cannot be packed in the organ bag and must be 
packed separately in a specific sterile container. It is the responsibility of the 
retrieval team to ensure that the appropriate, high quality vessels are sent with the 
liver, pancreas and small bowel. 


Donor body 


In the DBD and DCD procedure, standard closure is performed and a dressing 
applied [2-22]. 
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2.4 Surgical Technique for Living Kidney Donation: 
A Minimally Invasive, Open, Retroperitoneal 
Approach [51-58] 


2.4.1 Introduction: Anatomical Basis of This Surgical 
Technique 


The rectus sheath, also called the rectus fascia, is formed by the aponeuroses of the 
transverse abdominal and the internal and external oblique muscles. It contains the 
rectus abdominis and pyramidalis muscles. The arrangement of the layers has 
important variations at different regions of the abdomen. Below the costal margin 
and above the arcuate line the anterior laminae of the rectus sheath consists of the 
aponeurosis of the external oblique muscle as well as 50% aponeurosis of the 
internal oblique muscle; the posterior laminae consists of the aponeurosis of the 
musculus transversus and 50% aponeurosis of the internal oblique muscle. Below 
the costal margin and below the arcuate line the aponeuroses of all three muscles 
(external, internal oblique and transversus) pass in front of the rectus (Figs. 2.70 
and 2.71). 


Fig. 2.70 Above the arcuate line: at the lateral margin of the rectus, the aponeurosis of the 
internal oblique divides into two lamellae: one of which passes in front of rectus, blending with the 
aponeurosis of the external oblique as well as the aponeurosis of the anterior half of the internal 
oblique muscle. The other behind it blends with the aponeurosis of the transvers as well as the 
posterior half of the internal oblique, and these, joining again at the medical border of the rectus, 
are inserted into the linea alba. 1—Peritoneum, 2—Transversalis fascia, 3—Transverse muscle, 
4—Obliquus internus muscle, 5—Obliquus externus muscle (Drawing drawn by E.A. Baranski) 
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Fig. 2.71 Below the arcuate line. Below this level, the aponeuroses of all three muscles (including 
the transversus) pass in front of the rectus. 1—Peritoneum, 2—Transversalis fascia, 3—Transverse 
muscle, 4—Obliquus internus muscle, 5—Obliquus externus muscle (Drawing drawn by E.A. 
Baranski) 


Warnings! 
Our pararectal incision goes through the abdominal regions above and sometimes 
below the arcuate line. 


2.4.2 Surgical Technique Step-by-step 


1. The patient is placed on the operating table in the supine position. The patient’s 
upper limbs are placed on special supports and inclined towards the body at an 
angle of 90°. The operation is carried out under general anesthesia, the patient 
receives an intravenous prophylactic dose of antibiotics before the operation. 
After intubation a catheter is inserted into the urinary bladder. After shaving, 
disinfection and sterile draping of the surgical field, the surgeon starts the 
operation. 

2. Cut the skin with a scalpel and subcutaneous tissue with diathermy. The incision 
should be made 5 mm below the costal arch, 1.0-1.5 cm inwards from the 
lateral side of the abdominal rectus muscle. The length of the incision depends 
on the patient’s height and BMI but on average it ranges from 10 to 15 cm 
(Fig. 2.72). 

3. Free the skin together with the subcutaneous tissue within a radius of about 8— 
10 cm from the planned incision of the anterior sheath of rectus muscle 
(Fig. 2.73). 
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Fig. 2.72 The incision is done 10 mm below the costal margin, 10-15 mm inwards from the 
lateral rectus abdominis muscle. 1—Left costal margin, 2—Left anterior superior iliac spine, 3— 
Umbilicus, 4—Incision line 


am =“ 


Fig. 2.73 1—Left costal margin, 2—Anterior rectus fascia (formed by the aponeuroses of the 
transverse abdominal and the internal and external oblique muscles). R—Right side, L—Left side 
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Fig. 2.74 The anterior rectus fascia was cut 1 cm medially from its lateral edge. 1—The rectus 
abdominis muscle, 2—The posterior rectus fascia, 3—Marked position of the costal cartilages, 
R—Right side; L—Left side 


4. One cm medially from the lateral edge of the rectus muscle perform vertically 
12-15 cm long an incision of the anterior sheath of rectus abdominis muscle 
(a little longer than a skin incision) (Fig. 2.74). 

5. Free the rectus muscle from the anterior and posterior sheath; 1-2 cm below the 
arcuate line recognize the parietal peritoneum attached to the abdominal wall, 
and try gently to divide it from the posterior surface of the rectal sheath towards 
the costal arch (Figs. 2.75 and 2.76). 

6. Cut the aponeurosis of the transvers muscle and 50% aponeurosis of the internal 
oblique muscle towards the costal arch (Fig. 2.77). 
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Fig. 2.75 After incision, release the rectus muscle from the posterior part of the abdominal rectus 
sheath, coagulate the nerves and ligate the small vessels. 1—The released rectus muscle from its 
posterior sheath is moved towards the median line in order to reveal its posterior fascia over a 
distance of about 1-2 cm, 2—The posterior (sheath) part of the rectus muscle capsule, 3—Ligated 
deep superior epigastric artery perforator, R—Right side, L—Left side 


Fig. 2.76 Cut the posterior rectus sheath lengthwise, starting from the bottom: it is much safer 
because in the upper part the posterior sheath does not have direct contact with the peritoneum but 
with the transverse abdominal muscle. 1—Left rectus muscle, 2—Posterior sheath of the rectus 
muscle, 3—Posterior sheath of the rectus muscle at the level of the arcuate line, detached from the 
peritoneum with a small gauze swab, 4—Peritoneum, R—Right side, L—Left side 
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Fig. 2.77 The peritoneum is gently peeled away from the abdominal wall using an inverted large 
forceps, and in fact its fixed hinge or small TUPFER with X-ray thread—partially gripped in the 
jaws of a surgical clamp—as shown in the photo. The peritoneum is detached in the following 
directions: downwards, laterally, upwards and medially towards the aorta. 1—Left costal margin, 2 
—Cut transverse abdominal muscle, 3—Peritoneum, 4—Part posterior sheath of the rectal muscle, 
H—Head, L—Left side, R—Right side 


Warning! (During dissection, try not to damage the peritoneum, located in the 
subcostal area—it is thin and therefore very susceptible to damage) 
Depending on the size of the transverse abdominal muscle, while detaching the 
parietal peritoneum, gently move upwards and cut it with an electrocautery on a 
small curved clamp (for example curved small Mosquito Forceps). Personally, to 
avoid damage of the parietal peritoneum, I cut the transverse abdominal muscle 
incompletely and usually I do not cut off the upper part of the muscle located 2— 
3 cm below the costal arch. At the upper (subcostal) and lateral abdominal regions, 
the parietal peritoneum is very thin and more prone to tearing. Below the arcuate 
line and the lower parietal the peritoneum is thicker, stronger and less prone to 
tearing. 


7. Detachment of the parietal peritoneum from the abdominal wall is performed 
gently with long tissues or a small gauze encased in small Mosquito Forceps. 
The detachment begins below arcuate laterally, downwards, upwards and 
medially towards the aorta (Fig. 2.78). 

8. After detaching the posterior part of the parietal peritoneum towards the aorta 
(left side) or IVC (right side) close to the paravertebral line, install a profes- 
sional abdominal retractor (Fig. 2.79). 
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Fig. 2.78 1—Optimal installed abdominal retractor, 2—Pararectal incision, H—Head, R—Right 
side, F—Towards the patient’s legs 


Fig. 2.79 Using a handle of a large forceps, small gauze swab and a hand, gently peel off the 
parietal peritoneum from the abdominal wall to the bottom and side, and then, with the help of a 
long curved vascular clamp, detach the parietal peritoneum from the perirenal fat. 1—Left kidney 
with perirenal fat, 2—Retroperitoneal space, L—Left side, R—Right side 
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9. Using as a handle a large forceps (its fixed hinge) and hand, gently detach the 
parietal peritoneum from the abdominal wall downwards, and then, using a 
long curved surgical clamp, detach the parietal peritoneum from the perirenal 
fat. On the left side we detach (free) the parietal peritoneum up to the 
abdominal aorta and on the right side up to the IVC. On the right side, to 
visualize the IVC and right renal vein in the subhepatic region, and in order to 
get very good access to the IVC and right renal artery, we first have to carry out 
the Kocher maneuver [24, 31, 51-58]. 

10. Locate the part of the ureter under the renal pelvis and gently mobilize the 
entire ureter with the surrounding tissues towards the bladder up to below the 
iliac vessels. As a second step, mobilize the lower part of the kidney (lower 
pole and renal pelvis) up to the renal vein and carefully dissect the renal vessels 
(Figs. 2.80 and 2.81). 


Fig. 2.80 Location and mobilization of the ureter and renal pelvis up to the renal vessels. 1— 
Ureter together with gonadal vein and surrounding tissues taken on vascular vessel loop, 2— 
Peritoneal wall, 3—Perirenal fat 
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Fig. 2.81 Left kidney renal vessel dissection—the first one to be prepared is the renal vein, the 
next one is the renal artery. The adrenal vein is tied up right next to the renal vein, closed right next 
to the adrenal gland with three clips and divided with scissors. 1—Renal vein, 2—Renal artery, 
3—Kidney, 4—Ureter, L—Left side, H—Head 


Warning! (Golden triangle) 

Remember that when preparing the ureter and lower pole of the kidney, the 
so-called golden triangle (i.e. the arterial blood supply of the ureter) should not be 
disturbed. Tissues surrounding the ureter contain small vessels which come from 
the renal artery which is responsible for the arterial blood supply to the ureter. 
These small vessels are located between the lower and upper pole, renal pelvis and 
ureter. The idea is to keep the ureter well supplied with blood as long as possible 
during the kidney procurement for transplantation (Fig. 1.14 and also Sect. 1.5). 


11. Using a large angled clamp and diathermy mobilize the kidney entirely from 
the retroperitoneal space. Reduce as much perirenal fat as possible at the 
beginning of the procedure. The fat reduction around the kidney will give the 
kidney more space in the retroperitoneum and more possibilities to change its 
position during the prepartion of the renal vessels and kidney. 

12. First the renal vein is dissected free, then the renal artery (both sides). They are 
taken apart in the vessel loop. The adrenal vein is ligated close to the renal vein 
and closed with three clips next to the adrenal gland (left kidney) (Fig. 2.81). 

13. The ureter is closed, below the iliac vessels, with two titanium clips and then 
cut 3-5 mm above the closure (Fig. 2.82). 
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Fig. 2.82 The ureter is closed, below the iliac vessels with two titanium clips or tied and then cut 
about 3—5 mm above the closure. 1—Left renal vein, 2—Ureter mobilized and cut, 3—Distal 
ureter below left iliac vessels, tied, 4—Left kidney 


14. The renal artery is closed first (three large tantalum clips are placed one after the 
other, starting 3 mm from the aortic wall), immediately after that the renal vein 
is closed with a vascular clamp (Fig. 2.83). The artery is cut first (2-3 mm from 
the last clip applied) and then the renal vein. Finally, the kidney is removed 
from the retroperitoneal space and perfused (Fig. 2.84). The kidney preserva- 
tion consists of an arterial kidney perfusion with cold preservation solution 
perfusion; the procured kidney is always placed in a bowl submerged with a 
cold preservation solution and sterile crushed ice (external cooling). 


Warning! (Closing the renal artery. How I do it) 

Closing the renal artery with a clamp and titanium clips is very safe, but requires a 
lot of experience. Early on as a first technique I ligated the renal artery, then I put a 
clip on the ligature and beyond. For more than 15 years I have been closing renal 
arteries with three clips—without any problems for kidney donors. 
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Fig. 2.83 The renal artery is closed first (three titanium large clips are placed one after another 
starting 3 mm from the aortic wall), immediately afterwards the renal vein is closed with a vascular 
clamp. 1—Left renal vein, 2—Left renal artery, 3—Vascular clamp closing renal vein, 4—Large clip 
applier, 5— Vessel loop placed around renal artery, 6—Left kidney, H—Head, F—Towards feet 


Fig. 2.84 The kidney has been retrieved from the extra-peritoneal space and perfused with a cold 
preservation solution. 1—Left kidney, 2—Aberrant renal artery, 3—Container with cold saline 
solution and ice, 4—Soft silicone tube inserted into the upper pole of the renal artery lumen for 
perfusion on the back table 


124 


2 Non-laparoscopic Kidney Procurement Techniques ... 


For how to safely close the renal arteries with surgical vascular clips, follow the 
steps below. 


a. In CT, pay attention to the presence of atherosclerotic plaques in the ostium and 


b. 


16. 


17. 


18. 


19. 


in the lumen at the beginning of the renal artery. 
During kidney retrieval, carefully palpate the ostium of the renal artery from the 
aorta for the atherosclerosis plaque in this place. 


. The renal artery should be closed from the abdominal aorta towards the hilum 


and the titanium closing clips should be closed beyond the atherosclerotic 
plaque if the opening of the renal artery is atherosclerotic. Closing the renal 
artery in the presence of hard plaque in its lumen can lead to the dramatic 
cutting of the artery and unmanageable hemorrhage. My way of closing the 
renal artery is that I never close it on the plaque. If the ostium of the renal artery 
is unchanged, I put the first clip 3 mm from the ostium of the renal artery in the 
following sequence starting from the aorta towards the renal hilum. The first 
clip I close only about 80-90%; 1-2 mm further on I put the second clip and 
close the artery 90-95%; only with the third clip do I gently close the renal 
artery completely. The artery is cut with scissors 2-3 mm from the last 
clip. The lumen of the renal vein is sutured with unabsorbable monofilament 
suture 5/0 from top to bottom and vice versa. The left renal vein, the lumen of 
which has previously been closed with a suture, is ligated with a O ligature 
made of a soluble material. A stump of right renal vein after placing a clamp on 
the IVC, the right renal vein is cut off at the level of the IVC wall. The opening 
in the IVC is sutured by hand two times from top to bottom with the same 5/0 
non-absorbable suture, which generally results in very good hemostasis and 
prevents unnecessary blood loss, while protecting the donor from air embolism. 
After complete hemostasis, the area of the removed kidney is drained or not, 
depending on the amount of blood lost and the degree of hemostasis achieved. 
The wound is sutured with soluble monofilament sutures in layers, in the 
following order: posterior lamina of the rectus abdominis, anterior lamina, 
subcutaneous tissue and skin, which is sutured with continuous soluble 
monofilament intracutaneous suture (Figs. 2.85 and 2.86). 

After rinsing for blood and cooling, the kidney is packed according to the 
national packing protocol into three bags and a transport box, where it is signed 
and ice-covered. The transport box is then closed (Fig. 2.87). 

A living donor kidney in most cases does not require pre-transplant inspection, 
but sometimes we need to reconstruct the veins and/or renal arteries. Do this 
always in a bowl which is submerged in cold preservation solution with added 
sterile ice (Fig. 2.88) [51-58]. 
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Fig. 2.85 The wound is sutured with absorbable monofilament sutures in layers, in the following 
order: posterior and anterior sheath of the rectus muscle, subcutaneous tissue and skin, which is 
sutured with continuous absorbable monofilament intracutaneous suture. 1—Sutured subcutaneous 
tissues, R—Right side, L—Left side, H—Head, F—Feet 


Fig. 2.86 1—Completely sutured wound after kidney donation from a living donor, open method, 
mini-invasive, retroperitoneal 
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Fig. 2.87 After kidney retrieval, the kidney is packed according to the national packing protocol 
into three bags, wrapped, marked and placed on ice in a special transport box. 1—Ice, 2— 
Transport box, 3—Left kidney packed according protocol 


Fig. 2.88 A kidney procured from a living donor in most cases does not need to be inspected 
before transplantation, but sometimes we need to reconstruct the renal veins and/or arteries or 
remove vascular clip(s) to replace them with nonabsorbable ligatures or stitches. 1—Left renal 
vein, 2—Small vascular clip: before a kidney transplant it is better to remove it and replace it with 
a safer vascular suture (stitch) or ligate, 3—Main trunk of the renal artery, 4—Aberrant upper pole 
renal artery, 5—Fat 
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Chapter 3 A 
Kidney Transport, Inspection piedeto 
and Preparation for Transplantation 


3.1 Introduction: Some Definitions 


Currently, the literature often uses terms that I have mentioned, such as bench 
surgery, inspection, preparation and back table. I wanted to find a phrase or English 
phrases which, despite the fact that they are often used in the literature, will cor- 
respond most closely to the stage in which the procured, sent and transplanted 
kidney is prepared for transplantation. Here I have cited parts of the definitions that 
most relate to the preparation of organs prior to the transplantation. I have taken all 
definitions from the Free Dictionary by Farlex and the Cambridge and Oxford 
Dictionary [1, 2]. 


Bench surgery is performed on an organ that has been removed from the body and 
repaired at the site, after which it is reimplanted back into the body. This is also 
called ex vivo surgery. 


Inspection is the act of looking at something carefully to check its quality or 
condition, or to scrutinize, or to make an official visit to a building or organization 
to check that everything is correct and legal. 


Preparation means “a substance especially prepared” for the things that you do or 
the time that you spend preparing for something. Preparations are made to prevent 
hemorrhage after reperfusion of the donor organ. The vascular anatomy is assessed 
and reconstructed prior to the implantation of the donor organ. 


Back table procedure/preparation is an operation performed on an organ that has 
been removed from a patient before it is replaced; or it is defined as preparing the 
donor organ following procurement and prior to transplantation into the recipient. 
The back table is used to remove excess donor tissue and adequately prepare the 
allograft for implantation. 

Following these definitions we may say that the preparation of the kidney before 
transplant is as follows: inspection, preparation, back table procedure and 
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preparation. Bench surgery is more suited to describe the repair procedures of the 
same organs performed outside the human body, which are implanted in the same 
place after repair. The organ donor and recipient are the same person [1—4]. 


3.2 Shipping a Kidney from the Donor to the Recipient’s 
Hospital 


The transport of each procured organ from the donor’s to the recipient’s hospital 
must be organized professionally and safely. The transplant coordinator is 
responsible for organizing and coordinating the transport of the procured organs to 
centers that have accepted these organs. If the transport is prolonged for one reason 
or another, the coordinator, in consultation with the recipient’s hospital and the 
police, obtains a permit to transport the organs to the recipient’s hospital by 
ambulance with high speed and flashing warning lights and sirens. In order to 
ensure that the organ(s) reach their destination safely, the transplant coordinator 
should choose the means of transport that will provide the fastest and safest delivery 
of the organ to the accepting (recipient) center. Well-organized transport reduces 
the time of total organ ischemia time, which in turn affects the length of the 
patient’s stay in the hospital and the patient’s and organ’s survival. The most 
common means of transport is an ambulance that is well-marked for this purpose. 


Fig. 3.1 A well-marked and safe ambulance is the most common means of transport used to 
convey collected organs to the hospital of the recipient 
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Other modes of transport, such as helicopters, airplanes and ships, are rarely and 
only under extreme circumstances used (Fig. 3.1). 

During the organ transportation the hospital should be informed of the means of 
transport, how long it will take, where and when the organ will be deposited in the 
hospital and who will be the first to be informed of the arrival of the organ [3, 4]. 

In hospitals where one or more organs are transplanted, there should be a des- 
ignated area where the retrieved organ(s) is(are) left under constant specialist care. 
In all organ transplant hospitals in the Netherlands, in order to avoid unnecessary 
mistakes, a protocol for the delivery of an organ to the recipient’s hospital has been 
developed. I will briefly describe this system. The organ for the transplantation is 
initially handed over to the hospital security by the ambulance driver. The hospital 
security notifies the transplant surgeon, the nephrologist and the staff of the 
immunological laboratory. The immunology technician goes to the hospital security 
and takes the transport container with the kidney to the laboratory where the 
parameters of the donor and recipient are first checked. Depending on the situation, 
the staff of the immunological laboratory will remove the spleen and/or the lymph 
nodes, serum and/or blood of the donor from the transport container—if the 
recipient is highly immunized or otherwise indicated, a crossmatch is performed 
prior to transplantation. The immunology laboratory personnel are trained and 
responsible for maintaining complete sterility while opening the organ transport 
box. In the immunology laboratory, after carrying out the necessary steps to remove 
certain materials, the transport container is closed again and with the kidney is then 
transported to the permanent storage place at the transplant department. The hos- 
pital security officer, the on-duty nephrologist or other qualified personnel notify the 
time of the organ’s arrival at the place of permanent storage. If a cross-match must 
be performed, the result is notified to the on-call transplant surgeon and nephrol- 
ogist. After the organ arrives in the transport box at the permanent storage place, 
specially trained nurses for these purposes open it and check the amount of ice and 
the condition of the kidney packing (Fig. 3.2). If there is any fluid leakage from any 
of the bags, the transplant surgeon is immediately informed. The surgeon transports 
the kidney to the operating room, where it is immediately inspected and sterile 
repacked into new bags according to the national protocol for packing organs 
intended for transplant. If the bags in which the organ is packed are intact, 
preservation solution for bacterial examination is taken from the first bag in which 
the organ is stored. The newly sterile packed kidney is placed in a new transport 
container—the old one is wet and therefore non-sterile and usually for some days 
unusable. If nothing leaks and the packaging is dry, the transport box with the 
kidney is opened in order to add ice in it, so as to maintain the proper storage 
conditions for the organ. At the same time, nephrologists, anesthesiologists, scrub 
nurses and operating theater staff prepare the operating room for the organ 
inspection and later for the transplantation [5]. 
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Fig. 3.2 At a separate location in the transplantology ward, the transport box is opened upon 
arrival. Specially trained personnel check the amount of ice and the state of packaging of the 
organ, with particular attention paid to the leakage of any liquid from the last bag. 1—Ice, 2— 
Kidney packed in three bags, 3—Transport box 


3.3 Kidney Transport to the Operating Room 


After the kidney arrives at the recipient hospital, and if the crossmatch if necessary is 
performed (if mixing a very small amount of the patient’s serum with a very small 
amount of the potential donor’s white cells is negative) or does not need to be 
performed, the surgeon and the operating theater agree on the time of kidney 
inspection and preparation, the necessary instruments and the type of preservation 
fluid that will be used during the preparation (including the same preservation 
solution in which the kidney was preserved at the time of procurement). The surgeon 
and/or a transplant fellow or someone from the hospital security picks the kidney up 
from the permanent storage area for delivery to the operating theater [3-5]. 


3.4 Preparation of the Operating Room for Kidney 
Inspection Before Transplantation: Necessary Surgical 
Tools and Materials 


After the kidney has been delivered to the operating room, the surgeon reads the 
organ quality rapport filled in by the procurement surgeon in the donor’s hospital. 
The organ quality report forms the most important information on the donation 
process filled in by the procurement surgeon who informs the surgeon in the 
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recipient’s hospital about: general and clinical donor data; most recent medication 
and biochemistry; organ preservation (time of administration and given units of 
heparin, time to start cold perfusion of abdominal organs and portal vein, type of 
preservation solution, volume of preservation solution, time of first ischemia); 
anatomy of procured organ; organ quality; anatomical abnormalities such as one 
that is abnormal in size or location, or has abnormal morphology (color, size, form, 
consistency); number of renal arteries, veins, ureters and their morphological 
variations, degree of atherosclerosis in the renal arteries and the abdominal aorta 
wall; time of nephrectomy; type of perfusion solution; surgical injuries to the 
kidney (damage to the capsule, kidney parenchyma, kidney vessels or renal pelvis, 
ureter/ureters), presence of kidney cysts (what is their size), quality of kidney 
parenchyma; perfusion and preservation in general, in this regard assessment of 
organ quality and their suitability for transplantation. The kidney inspection takes 
place before kidney preparation for transplantation. Both procedures, just like the 
transplant itself, take place in the operating room under sterile conditions. The 
surgeon and the assistant prepare themselves for the kidney inspection and 
preparation. They both dress sterile and, after having prepared the operating room, 
alone or together with a scrub nurse or student or fellow, they begin the kidney 


Fig. 3.3 Operating room prepared for kidney inspection. One or both of the tables are covered 
with sterile napkins before the inspection. The kidney inspection is done sitting down. 1—Sterile 
surgical gloves, 2—Foot-adjustable surgical chair, 3—Surgical instruments necessary for kidney 
inspection 
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inspection and if the kidney is suitable for transplantation they will begin kidney 
preparation. 

The operating tables and the surgical stools are covered with sterile drapes. 
Inspection and preparation of the kidney is done in a sitting position on specially 
adapted surgical stools with the possibility of foot adjustment of the surgeon’s seat 
height. The necessary surgical instruments, gases, swabs, a container(s) or bowl(s) 
in which the kidney will be inspected and prepared, ice, fresh and cold organ 
preservation solution, syringes, drains and other objects necessary for kidney 
inspection will be stored on the table; the preservation solution in the transport box 
on ice or in refrigerator under conditions of full sterility (Figs. and 3.4). 


Fig. 3.4 Kidney inspection in a sitting position. Therefore, to be fully comfortable, the surgeon 
and assistant need suitable chairs with a foot-adjustable seat height during the inspection and tables 
without leg bars. In conditions of full sterility, the necessary surgical instruments, gauze, small and 
suitable bowls (containers), ice, syringes, tubes, and other things necessary for kidney inspection 
are placed on the table 
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Fig. 3.5 Surgical instruments necessary for kidney inspection. 1—Basic set, used for basic kidney 
inspections not requiring vascular reconstruction, 2—Microsurgical instruments set used for 
microsurgical vascular reconstruction 


Depending on the complexity of the kidney inspection, there is always a normal 
set available and a set of sterile microsurgical instruments on hand (Fig. 3.5) in case 
there is a need for complex reconstruction. All microsurgical reconstructive pro- 
cedures are firstly intended to repair damaged renal vessels and ureters at the time of 
preparation on specially adapted sterile surgical tables—in such a way that the 
kidney can be transplanted with the lowest possible risk for its recipient. Secondly, 
all microsurgical reconstructive procedures are intend to reduce the number of 
vascular anastomosis in the recipient’s body to a minimum—which means a 
minimum time of warm ischemia of the kidney during transplantation. In the 
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Fig. 3.6 In the operating room, an essential and indispensable tool of a transplant surgeon must be 
a good quality surgical magnifying glasses with a magnification of at least 2.5 times, providing 
high comfort in preparing the kidney for transplantation 


operating room, a necessary and indispensable tool of the transplant surgeon is 
good quality surgical magnifying glasses, magnifying at least 2.5 times, giving 
comfort and precision during the inspection (Fig. 3.6). Light in the operating room 
is always a topic of discussion: there are centers that do not use operating lamps 
during the inspection and preparation, in some centers the use of operating lamps is 
even strictly prohibited which is explained by the fact that during the inspection and 
preparation the lamps heat the organ. We and other centers use headlamps with cold 
light, which does not cause heating of the organ (Fig. 3.7). 
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Fig. 3.7 The surgical headlamp provides an independent light source. It is ideal for inspection of 
any organ especially if it generates cold light 


3.5 Removing the Kidney from the Transport 
Box and the Bags (Unpacking Procedure) 


On a specially adapted trolly, the organ transport box with a kidney is brought into 
the operating room (Fig. 3.8). The trained scrub nurse or the circulating nurse opens 
the organ transport box and removes the packed kidney. Taken from the transport 
box, the kidney, packed in three bags, is placed on the top of the operating trolley. 
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Fig. 3.8 On a special table, a transport box with a kidney is brought into the operating room. 1— 
Transport box, 2—Operating theater transport table with movable shelves and moving wheels 


Fig. 3.9 The nurse takes a kidney packed in three transport bags from the transport box. 
1—Cutting the ribbon closing the third bag with scissors, 2—The third bag; the outside of the bag 
is non-sterile, and the inside is sterile from the bottom to the point where the ribbon is tied. 3—Top 
of the operating trolley 
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Fig. 3.10 The trained scrub nurse or the circulating nurse rolls the edges of the bag outwards in 
such a way as to retain the sterile inner side of the third bag, the so-called “dry” side not containing 
any liquid. 1—Third “dry” bag, 2—Transport box, 3—Scalpel placed into the transport box cover 
in case it is necessary to cut the ribbon (ligature), 4—Kidney removed: empty third bag 


In order to sterilely remove a kidney packed in three bags the operating room 
nurse has to perform the following steps. 


1. Cut off the closing ribbon of the first outer bag—this bag is not sterile from the 
outside (Fig. 3.9) and curl the edges of the first non-sterile bag on the outside so 
that the inner side of the bag remains sterile (Fig. 3.10). 


Warning! (Watch out for the kidney, don’t drop it) 

When taking the packed kidney from the scrub nurse and removing it from the 
bags, you must be very careful that the kidney does not fall out of the bag on the 
sterile surgical table or on the unsterile floor of the operating room. 


2. To maintain complete sterility, take the second sterile bag which is filled with 
cold Ringer solution or 0.9% NaCl solution and place it in a bowl filled with ice 
(Fig. 3.11). 
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Fig. 3.11 The second dry bag is rolled outside to ensure the internal sterility of the bag. The 
surgeon dressed sterilely takes the kidney, which is packed in the first bag. 1—Kidney packed in 
first bag, 2—The walls of the second bag have been turned outwards, 3—A surgeon taking the 
kidney sterilely packed in the first bag which contains preservation solution 


3. Cut the tape which closes the second bag with scissors or cut the bag off beneath 
the tape’s knot (Fig. 3.12). After removing the second bag, the kidney is then 
only packed in the first bag which is filled with preservation solution. The 
second bag (with the sterile solution) is thrown away into the trashcan which is 
located close to the surgeon who is inspecting and preparing the kidney for 
transplantation (Fig. 3.13). 

4. The first bag, in which the kidney is completely submerged in the preservation 
solution, is opened by the surgeon in the same way as the previous two bags. 
The first step to be done after opening the first bag is to take into a syringe 5- 
10 ml of the preservation solution (a sample) for bacteriological examinations 
(Fig. 3.14) [3-5]. 


Warning! (Always perform bacterial examination of the preservation 
solution) 

The kidney preservation solution taken from the first bag should be immediately 
examined for microorganisms and sown on special seedbeds for the presence of 
bacteria, yeast-shaped fungus (candida) and fungi. Early detection of pathogenic 
microorganisms in the preservation solution gives a greater chance of starting 
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Fig. 3.12 The surgeon uses sterile scissors to cut off the ribbon that closes the first sterile bag 
from the outside, in which there is preservation solution and in which the procured kidney is 
immersed. 1—First bag with inside procured kidney, 2—The bag is cut from the outside with 
scissors: try not to damage the kidney when opening the bag, 3—Sterile ice, 4—Sterile bowl 
designed for organ inspection 


Fig. 3.13 1—A second bag from the outside with physiological NaCl solution is thrown by the 
surgeon into the waste bag or handed over to the scrub or circulating nurse, 2—Waste bag 
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Fig. 3.14 The first step after opening the bag in which the kidney is stored is to take a syringe of 
approximately 5 ml of preservation solution for culture. 1—Transport bag contain kidney 
immersed in preservation solution, 2—A syringe filled with preservation solution, 3—Bowl and 
gauze in which the kidney inspection will be performed 


targeted treatment quickly and thus preventing infection or worse complications, 
such as septic hemorrhage, usually leading to organ loss, lower limb loss and from 
time to time even loss of life by the transplant recipient. 


Warning! (Mixing preservation solutions?) 

If necessary, the amount of preservation solution necessary for the inspection of the 
kidney is always supplemented by the scrub nurse, so that the kidney is at least 
almost completely or completely submerged in it throughout the inspection and 
preparation. Some centers prefer to use the same or other preservation solution 
during inspection. In our center we are allowed to perform the kidney inspection 
whileit is immersed in the preservation solution from the first bag. We are also 
allowed to mix two of the same preservation solutions during the organ inspection 
or to use an other cold fresh organ preservation solution; for example, if we receive 
an organ for transplantation from outside the Netherlands and a preservation fluid 
such as Celsior or IGL-1 has been used for preservation, and we do not have such 
preservation fluids at our hospital. Still, we have to prepare the kidney for the 
transplant, so we use our preservative fluid. Especially during cold storage and 
organ inspection, kidney must be flush with cold UW solution, which is stored until 
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transplantation. It has to be said here that after 25 years of such practice, we have 
never observed any side effects of such an exchange or mixing up of the preserving 
fluids in the form of a delayed function of the organ or its original lack of function. 


Warning! (For organ flushing always use a fresh preservation solution) 

It is not permitted to use the preservation solution from the first bag (donor’s 
hospital), or to mix the old and fresh preservation solutions for flushing the organ 
through vessels to wash out the rest of the blood or to check vessel permeability. 
The explanation for this is the presence of fat particles in the transport preservation 
solution, which can lead to fat micro-embolisms during the flushing of the organs 
through the vessels or during the flushing of the vessels themselves which may 
cause a malfunction or non-function of the procured organ after transplantation. 
Using a very sophisticated filter for the old preservation solution from the first 
transport bag is more expensive than using a new fresh and cold preservation 
solution. 


5. After collecting the sample for bacteriological examination, the rest of the 
preservation solution is poured into a sterile dish with ice at its bottom. The ice 
is covered with a thin layer of wet gauze to prevent the kidney being injured due 
to freezing during the inspection and preparation (Fig. 3.15). 


Fig. 3.15 Some or all of the preservation solution is poured into an bowl with ice for kidney 
inspection. 1—Bag with kidney and preservation solution, 2—Preservation solution, 3—Bowl 
with sterile ice at the bottom and a small peice of gauze to prevent frostbite in the kidney 
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Fig. 3.16 Carefully, so that the kidney does not fall on the floor of the operating room, take it out 
of the bag and put it on the gauze in a bowl filled with ice and a cooled preservation solution, in 
which the kidney will be inspected. 1—Kidney, 2—Container for kidney inspection with sterile ice 
at the bottom and a small gauze to prevent frostbite 


6. Carefully, so that it does not fall on the floor of the operating room, remove the 
kidney from the bag and put it on the gauze in a container filled with ice and 
cooled preservation solution, in which the inspection will be performed 
(Fig. 3.16). 

7. If necessary, pour the rest of the preservative fluid from the bag into the con- 
tainer where the kidney inspection will take place. One of the surgeons gives the 
first bag to the scrub nurse or throws it in the trash bin (Fig. 3.17) [6]. 
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Fig. 3.17 If necessary, pour the rest of the preservation solution from the bag into a container for 
kidney inspection. 1—Kidney is placed on gauze and ice and sterile container, 2—Pour the 
preservation solution into the kidney inspection container 


3.6 Kidney Removal from the Transport Device 
for Continuous Hypothermic Kidney Perfusion 


3.6.1 Introduction 


The first perfusion system, built by Truman, was used in 1968 by Belzer to perfuse 
the kidney taken from the deceased donor. Modern kidney perfusion systems allow 
us to monitor the following parameters during transport: pressure (systolic and 
diastolic pressure in the kidney), flow rate of the perfusate through the kidney, 
vascular resistance within the kidney, temperature, infusion time and battery life. 
Currently, several portable systems are available on the market. The procured 
kidney and the renal artery are connected to the continuous perfusion machine and 
continuously cooled and perfused during transportation to the recipient’s hospital. 
The kidney’s recipient is less likely to have a delayed graft function after trans- 
plantation and the need for dialysis after the transplant. In particular, this treatment 
very often applies to kidneys that are taken from donors after cardiac death espe- 
cially those DCD donors with a long first warm ischaemia time lasting more than an 
hour. 
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3.6.2 Steps for Removing the Kidney from the Hypothermic 
Machine Perfusion: The LifePort Kidney Transporter 
of Organ Recovery Systems [4, 5, 7] 


1. Move the LifePort Kidney Transporter into the operating room. Movement of 
this type of equipment is very easy: it has an excellent driving system and a 


handle to maneuver it (Figs. and ). 
2. Unlatch and remove the LifePort Kidney Transporter cover (Figs. 3 and 
). 


3. Carefully place the LifePort Kidney Transporter disposable sterile drape onto 
the LifePort Kidney Transporter, lining up the drape gasket and the well of the 
outer perfusion circuit lid. Ensure the arrow on the orientation guide is pointing 
toward the pump deck. 

4. Unfold the sterile drape in the following order: right, left, front and back. The 
drape gasket should fit securely into the well of the outer perfusion circuit lid. 

5. Unlock and remove the inner perfusion circuit lid. Place the lid facedown onto 
the sterile field. 


Fig. 3.18 One of the portable kidney hypothermic perfusion systems delivered to the operating 
room. It has excellent handling properties and a handle for pulling. The whole device is protected 
from damages from the outside by a specially designed container. 1—The cover of the device 
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Fig. 3.19 Hypothermic continuous perfusion device—the kidney transport container. 1: Device 
cover 


Fig. 3.20 The cover of the hypothermic continuous kidney perfusion device is removed in the 
operating room. 1—Sterile kidney perfusion and cooling chamber, 2—Control panel 
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Fig. 3.22 Covering the kidney perfusion and cooling chamber with a sterile foil allowing the 
sterile opening of the second cover, which closes the sterile chamber. The disconnected kidney 
from the perfusion pump is removed from the chamber onto a special platter where it is fixed with 
mesh. 1—Kidney fixed with mesh so that it does not shift during transport 
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Press the STOP button. 
Unscrew or cut the infusion line. 
8. Carry the kidney cradle, with the cannulated kidney, to your organ inspection 


table (Fig. 3.22). 
9. Unhook the mesh which immobilized the kidney (Fig. 3.23). 


ao 


Fig. 3.23 Transfer of kidney from device platter to inspection container. Release of the renal 
artery and the kidney itself from the mesh. 1—Special mesh holding the kidney during transport, 2 


—Kidney 
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10. Unpin the mesh and remove the renal artery connector. 
11. Put the kidney in its own container on ice and submerge in cold preservation 
solution and start kidney inspection (Fig. ) [7]. 


Fig. 3.24 Placing the kidney in a container filled with ice and fresh preservation solution for 
inspection. 1—Kidney, 2—Container with ice, a small gauze and cooled preservation solution 
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3.7 General Rules for Kidney Inspection 


1. The kidney is placed in a sterile container or bowl with ice which at the bottom 
is covered by a gauze and cold preservation solution or ice slush. If you are 
inspecting the left kidney, you have to position it in a way that the first vessel 
from above is the left renal vein and the ureter(s) faces the right hand of the 
surgeon and that the aorta patch with the ostia of the renal arteries are in front of 
him or her (Fig. 3.25). 


Fig. 3.25 The left kidney is placed in a container filled with preservation solution and a small wet 
gauze is placed on sterile ice. 1—Kidney: with this amount of fat, palpating the kidney may be 
difficult, 2—Patch from abdominal aorta, 3—Tissues around ureter 


154 3 Kidney Transport, Inspection and Preparation for Transplantation 


2. In the case of the right kidney, place it in the bowl in such a way that the first 
vessel from above is the right renal vein and the inferior vena cava (IVC) with 
the ingoing right renal vein or veins and the ureter(s) facing the left side or left 
hand of the surgeon; the ostias of the renal artery(-ies) face the surgeon 
(Fig. 3.26). 


Fig. 3.26 The right kidney. The right ureter faces the surgeon’s left hand. The first vessel from the 
top is the right renal vein or the right renal vein attached to the IVC. In this case, the amount of fat 
is minimal and the kidney parenchyma shows through a thin layer of perirenal fat. 1—Right 
kidney 
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3. Kidney examination: inspection. 


— evaluation of the amount of fat around the kidney and the possibility of reducing 
it (Fig. 3.27); 
— the quality and diameter of visible renal vessels (Fig. 3.28); 


Fig. 3.27 A donor with a very high BMI. There is a very high amount of fat around the kidney 
and pancreas. If I ask you where is the kidney and where is the pancreas? I think that many of you 
would struggle to answer. 1—Kidney, 2—Pancreas, 3—Sterile ice 


156 3 Kidney Transport, Inspection and Preparation for Transplantation 


q 


Fig. 3.28 Visible ostia of two renal veins of the retrieved right kidney. 1—IVC lumen, 2—Aortic 
patch with severe atherosclerosis, 3—Kidney, 4—Ureter 


— advancement of atherosclerosis lesions in the abdominal aortic wall (Fig. 3.29); 
— the presence of the hematomas (Fig. 3.30); 
— visible damage to the capsule and kidney parenchyma (Fig. 3.31); 
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Fig. 3.29 Very advanced atherosclerotic lesions are visible in the center of the abdominal aorta 
wall. 1—Patch taken from the abdominal aorta, 2—Ostium of the left renal artery, 3—Ureter, 4— 
Searching with small silicone tube for a second ureter 


Fig. 3.30 Damage to the abdominal aorta and the onset of the renal artery during a traffic accident. 
Massive bleeding into the extraperitoneal space. 1—Hematoma, 2—Freed left renal vein lying on 
the surface of the kidney, 3—Aortic patch. Massive hematoma reaching into the hilum of the 
procured kidney; kidney badly washed out of the blood. An attempt was made to flush the kidney 
through the renal arteries with cold preservation solution, though this gave great resistance. This 
kidney was not transplanted 
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Fig. 3.31 (a) Kidney procurement: damage to kidney capsule. 1—Tear kidney capsule, 
2—Decapsulated kidney parenchyma, 3—Kidney upper pole. (b) Kidney procurement: damage 
to kidney capsule. 1—Repaired tear to the kidney capsule absorbable monofilament: 4/0, 
2—Decapsulated kidney parenchyma, 3—Renal cyst. (c) Kidney procurement: damage to the 
parenchyma and kidney capsule. 1—Kidney parenchyma, 2—Kidney capsule 
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Fig. 3.31 (continued) 
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Fig. 3.32 1—Left ureter, 2—Partially thrombosed left gonadal vein, 3—Kidney parenchyma 


— the number of injuries to the ureter(s) (Fig. 3.32); 

— visible tumor of the kidney parenchyma (Fig. 3.33); 

— visible kidney tumor excised and submitted for examination; kidney par- 
enchyma sutured after tumor excision; renal artery aneurysm (Fig. 3.33a, b). 

— gonadal vein and renal artery thrombosis (Figs. 3.32 and 3.34). 
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Fig. 3.33 (a) Evident kidney tumor. Biopsies and a quick pathological examination were 
performed. Test result: cancer. The kidney was disqualified from transplantation. 1—Kidney 
tumor: in this case we found the kidney cancer, 2—Kidney parenchyma. (b) Visible kidney tumor 
excised and submitted for intraoperative fresh frozen section pathological examination; kidney 
parenchyma sutured after tumor excision; renal artery aneurysm. 1—Renal artery aneurysm, 
2—Renal parenchyma, 3—Kidney parenchyma sutured after excision, 4—Renal vein 


162 3 Kidney Transport, Inspection and Preparation for Transplantation 


Fig. 3.34 Damaged parenchyma and capsule; thrombosed renal artery bringing blood to the upper 
pole. 1—Aortic patch, 2—Thrombosed aberrant superior (upper) pole renal artery, 3—Right renal 
vein, 4—Upper kidney pole, 5—Injured kidney capsule, 6—Ureter with surrounding tissues 


Warning! (Perirenal fat: what to do and how to reduce it) 

The amount of fat around the kidney depends on the BMI of the donor. Perirenal fat 
in older and obese people is often ingrown into the capsule and parenchyma of the 
kidney. At the donor’s hospital, the donor surgeon can try to reduce the fat layer 
located on the kidney to allow it to cool properly during transport to the recipient’s 
hospital. If in the donor’s hospital reduction of perirenal fat is for many reasons 
impossible, the fat should not be removed in a hurry by force. The donor surgeon 
together with the transplant coordinator are responsible for the notification of the 
recipient center that fat reduction has failed. The donor surgeon through the trans- 
plant coordinator (TC) should ask the recipient center if they would like to accept a 
kidney without fat reduction and thus with fat around it. This is a very important 
message, because if the kidney is large in size and is additionally surrounded by 
ingrown fat, it will probably be not cooled efficiently enough during transportation 
(static cold storage). A kidney with fat around it can be large in size and volume. In 
some cases it may exceed the capacity of the recipient’s retroperitoneal space—for 
example when the recipient is a small adult or small child. In such a case it should be 
remembered that if the amount of fat cannot be significantly reduced, the kidney may 
not be accepted and transplanted. Depending on the time and distance of transport of 
the kidney to the recipient’s hospital, because of the need to properly cool the organ 
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due to the thick layer of fat, it is possible to consider adding ice cubes to the second 
bag in order to better cool the kidney. The best solution is to put the kidney before 
transportation to the recipient’s hospital on the hypothermic oxygenated or not 
oxygenated perfusion machine which will perform internal cooling with a cold 
preservation solution through the renal artery. Do not forget that a thick layer of fat 
around the procured kidney acts as an excellent insulator and that without the 
additional ice in the second bag (static cold storage) or continued internal cooling 
with a cold preservation solution after a long period or distance of travel, the kidney 
could be inappropriately cooled [6, 8, 9]. 


4. Personally I look in detail at the kidney, using two very delicate surgical forceps 
with which I slowly carry out a preliminary inspection of the renal vessels in terms 
of their number and location. I estimate the severity of atherosclerosis of the 
abdominal aortic wall and the intensity of atherosclerotic lesions at the site of arising 
of the renal artery towards the renal hilum. I check the number of ureters and vessels; 
in case of doubt, any structure similar to the ureter or vessel, if it has lumen, will be 
examined with a fine vascular probe or cannulated with very thin cannula and 
flushed with a cold preservation solution (Fig. 3.35). With a vascular probe from the 
side of the abdominal aortic wall, I cannulate the ostia of the renal arteries from the 
abdominal aorta patch towards the hilum of the kidney—thus we check the number 
and course of renal arteries and distance between them (Fig. 3.36). 


Fig. 3.35 1 and 2—Forceps, 3—Left renal vein, 4—Aortic patch in the center ostium of the left 
renal artery, 5—Distal abdominal aorta wall with advanced atherosclerotic changes, 6—Left 
adrenal gland, 7—Left kidney 
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Fig. 3.36 1—Special vascular probe with which from the inside of the abdominal aorta we 
cannulate the “suspicious” artery ostium of the abdominal aorta wall. In this way we check during 
inspection the number of renal arteries. 1—Vascular probe, 2—Renal vein, 3—Kidney 


5. If the perirenal fat does not stick to the kidney capsule it is necessary to remove 
it from the parenchyma surface but not from the hilum and its surroundings 
(Fig. 3.37). 


Warning! (Perirenal fat) 
The removal of the perirenal fat should be done very carefully and should cover the 
whole surface of the kidney except the kidney hilum, the renal pelvis, the ureter(s) 
and the medial part of the lower kidney’s pole. Fat removal is usually done with 
scissors. I start removing the fat from the back of the kidney and finish 1-2 cm 
before the kidney hilum. Very carefully I palpate the fat around the ureter, vessels 
and fat in the kidney hilum—f it is hard and it resembles cartilage, I take a biopsy 
from it for an intra-operative consultation by the pathologist, a frozen section 
procedure, for example a liposarcoma, or the presence of atypical cells which could 
turn into a malignant tumor a few years after a kidney transplant. In my 30 years of 
career the anatomopathologist confirmed my cancer (liposarcoma) suspicions only 
in three cases and found atypical cells in more than ten cases. The kidneys in which 
cancer and/or the atypical cells were found were not transplanted. 

We have two types of kidney fat: fat that can be easily removed from the kidney 
capsule; and ingrown fat that cannot be easily removed. If such a kidney with 
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Fig. 3.37 Fat reduction in the recipient’s hospital. 1—Kidney, 2—Perirenal fat, 3—Upper pole of 
the kidney 


ingrown fat is suitable for transplantation, it is necessary to try to reduce it as much 
as possible up to the kidney capsule (Fig. 3.38). 

When removing fat, remember the extra renal arteries, which do not penetrate 
the kidney through the renal hilum. These arteries can be easily damaged during fat 
removal and are usually difficult to reconstruct later. The more fat is removed, the 
lower the risk of necrosis, the better the position of the kidney and the better its 
cooling during inspection, storage and the transplantation process itself. 


6. Palpation of the kidney and ureter for tumors and cysts (Figs. 3.39 and 3.40). 
Kidney tumors and any suspected ones should be immediately verified by 
performing a kidney biopsy. When it comes to kidney cysts (Fig. 3.41), there 
are always questions: whether the contents of the cyst are clear or not and 
whether each kidney cyst should be opened or not. 
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Fig. 3.38 Maximum reduction of perirenal fat which has grown deeply into the kidney 
parenchyma. Visible areas without the kidney capsule when we have been trying to remove the fat. 
1—Kidney, 2—Renal artery 


Fig. 3.39 Palpating the kidney parenchyma for tumors; the picture shows normal kidney. 1— 
Renal artery, 2—Kidney, 3—Ureter 
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Fig. 3.41 Retrieved kidney with cyst, most probably Bosniak I. 1—Renal cyst, 2—Kidney 
parenchyma, 3—Tear in renal capsule 
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(a) It has been more than 30 years since the Bosniak classification of cystic renal 
masses was first proposed. This CT-based classification was introduced in 1986 
and originally divided cystic renal masses into one of four classes after 
exclusion of infectious, inflammatory and vascular etiologies (Fig. 3.42) 
[10-16]. 


Bosniak 1: Benign simple renal cyst requiring no follow-up. These lesions do 
not contain septa, calcification or any solid component. Simple cysts account for 
80-85% of all space-occupying lesions in the kidneys. Although the etiology of 
simple cysts is unclear, the age distribution indicates that they are acquired lesions. 
Pathologic studies have shown that cysts start as dilatations or diverticula of the 


microcalcification 


1 - almost 0% malignant 2 - almost 0% malignant 


A (present microcalcification) 


2F- circa 5% are 3- circa 50% 4 - circa 100% 
malignant malignant malignant 


Fig. 3.42 Bosniak classification system of renal cystic masses 
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tubules in the nephron and they are thought to arise from focal infarcts or 
inflammation [1—5, 7]. 

Bosniak 2: Benign renal cyst requiring no follow-up. A few thin <1 mm septa or 
thin calcifications (thickness not measurable), non-enhancing high-attenuation (due 
to proteinaceous or hemorrhagic contents) renal lesions <3 cm; these lesions are 
generally well marginated; work-up: none; percentage malignant: ~0%. Like 
category 1 lesions, category 2 lesions have no malignant potential and therefore 
require no further imaging. However, unlike category 1 lesions, category 2 lesions 
may contain a few hairline thin septa, fine calcification, or short-segment slightly 
thickened calcification within the wall or septa. Uniformly high attenuation cysts 
measuring <3 cm are also included in this category [10-16]. 

Bosniak 2F: cystic renal mass. The large majority of Bosniak 2F masses are 
benign. When malignant, nearly all are indolent. Generally, Bosniak 2F masses are 
followed by imaging at 6 months and 12 months, then annually for a total of 
five years to assess for morphologic change. Hyperdense cyst >3 cm diameter, 
mostly intrarenal (less than 25% of wall visible); no enhancement. Percentage 
malignant about 5%, lesions may contain multiple hairline thin septa or smooth, 
minimally thickened wall or septa, which may contain calcification that may be 
thick and nodular [10-16]. 

Bosniak 3: cystic renal mass. Bosniak 3 masses have an intermediate probability 
of being malignant. If not already obtained, consider urology consultation. Thick, 
nodular multiple septa or wall with measurable enhancement, treatment/work-up: 
partial nephrectomy or radiofrequency ablation in elderly or poor surgical candi- 
dates; percentage malignant about 55%; lesions demonstrate enhancing, thickened, 
irregular, or smooth walls or septa and require surgical removal due to their high 
potential for malignancy [10-16]. 

Bosniak 4: cystic renal mass. The large majority of Bosniak 4 masses are a 
malignant solid mass with a large cystic or a necrotic component treatment: partial 
or total nephrectomy, percentage malignant about 100%, lesions typically contain 
enhancing soft-tissue components adjacent to, but independent of, the wall or 
septum [10-16]. 


Warnings! (Danger with many thick enhancing septa) 

The Bosniak classification asserts (for example) that masses with many or thick 
enhancing septa are associated with a higher probability of malignancy than masses 
with few or thin septa, but the manner in which this is true is unknown. Although 
there is no size threshold that separates benign from malignant masses nor indolent 
from aggressive cancers, size may be an important factor when considering 
surveillance of cystic renal masses. 


Size and growth rate are not included in the update proposal. Small masses may 
be malignant and large ones benign; however, the smaller the mass, the more likely 
it is to be benign. 

The classification does not distinguish clinically significant aggressive cancers 
from indolent cancers unlikely to affect a patient’s lifespan. 
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Simple renal cysts are a common finding in the normal population older than 
50 years of where their incidence is 25-40%. There are many reports on the use of 
cadaveric kidneys with cysts. On the long term follow-up, they are found to provide 
adequate renal function until there is graft failure due to the growth of the cysts or 
due to some other reasons. If the donor has a simple renal cyst, cyst growth is 
relatively slow, especially if the donor age is older than 50 years. Renal cysts are a 
common routine imaging finding, and autopsy studies suggest that more than half 
of patients of 50 years of age and older have at least one renal cyst. Although most 
cysts never cause symptoms, some cause pain, collecting system compression, 
hematuria, hypertension and secondary infection. 

There are obvious advantages of transplantation over dialysis even if we are 
using kidneys with cysts. Reports of the use of cadaveric kidneys with cysts have 
clearly shown that the growth of these cysts is slow. The long-term graft and patient 
survival data for recipients having a graft with a cyst are not available at present. 
Once they are available, I will be able to further assess the feasibility of using such 
kidneys for transplantation. 

If during the kidney inspection there is a cyst which has an irregular thick wall or 
turbid/hemorrhagic content, perform a frozen section biopsy of the wall of the cyst 
and/or a biochemical evaluation of the fluid—even when in doubt a biopsy should 
be advocated. When in the kidney from the cadaver donor the cysts appear complex 
(Bosniak type 3 to 4), it is necessary to perform frozen section biopsies in order to 


Fig. 3.43 The cyst wall is resected and sent to pathology for frozen section. 1—Margin of the cyst 
will be, after reperfusion, cauterized with an Argon Beamer or electrocoagulation, 2—Normal 
kidney parenchyma, 3—Bottom of the cyst. The cyst is then destroyed and deroofed 


3.7 General Rules for Kidney Inspection 171 


confirm malignancy (Fig. 3.42). In this case, there should be no doubt that the 
cyst’s wall and/or the fluid inside it should be examinated for cancer by the 
Department of Pathology. The literature encourages us to support the use of kidneys 
with a cyst if the donor is elderly and there are only a few small cysts (<5 mm in 
diameter). The decision to use such kidneys should be made in consultation with 
both donor and recipient, depending on the availability of other donors. 

From cysts which have a thick irregular wall and have a diameter larger than 2— 
3 cm, the fluid has to be aspirated and sent to cytology. The cyst’s wall has to be 
resected by the surgeon and sent for pathology examination (Fig. 3.43). The 
remaining wall of the cyst has to be visually inspected and if any are present, 
suspected tissues have to be resected and sent for frozen section. Then the cavity of 
the cyst is coagulated using an Argon Beamer of electro-diathermy. The cavity of 
the cyst is packed with Surgicel (Ethicon—oxidized regenerated cellulose) and—if 
necessary and depending on its position—fixed with glue or absorbable sutures 
[10-16]. 


(b) Urinomas 


Ureteral obstructions with calyceal rupture and trauma (blunt, penetrating, or 
iatrogenic) are the most common causes of urinomas. Blunt or penetrating trauma 
can cause perinephric urinomas by two mechanisms—direct disruption of the pelvis 
or collecting system or by degeneration of nonviable tissue. These urinomas are 
often perinephric, but can also occur in a subcapsular location. This review will 
discuss the diagnosis, classification and treatment of renal cysts and urinomas. 
When urinomas arise spontaneously, the likely cause varies with the patient’s age. 
Blunt or penetrating trauma can cause perinephric urinomas by two mechanisms— 
direct disruption of the pelvis or collecting system or by degeneration of nonviable 
tissue. These urinomas are often perinephric, but can also occur in a subcapsular 
location [16]. 

Several times, during preparation of the kidney, a cyst started to grow and 
became even bigger and sometimes even more tensed than the renal pelvis when I 
started to check the ureter and renal pelvis by administering cold preservative fluid 
into the ureter and renal pelvis with a soft, thin drain. 

If there is a small connection between the cyst and the renal pelvis and the cystic 
wall or the parenchyma of the kidney is of a good quality, the connection should be 
closed and the kidney transplanted. After suturing the connection between the renal 
cyst and the renal pelvis, I repeat one more time the test of permeability by 
administering a cold saline solution into the pelvis. The lack of leakage of fluid into 
the lumen of the cyst allows for the next step consisting of filling the cyst cavity (for 
example with one of the absorbable hemostatic agents) and then closing the renal 
parenchyma above the connection with a few stitches. The tightness of the repaired 
connection between the calyx of the renal pelvis and the cyst must be checked again 
by administering sterile, cold preservation solution through the ureter into the renal 
pelvis [16]. 
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Remember that a transplanted kidney has a high chance of developing urine 
leakage from the renal pelvis after surgery. In order to try to treat the kidney 
conservatively after transplantation, drain the area around the transplanted kidney 
with at least two large surgical drains. If it is impossible to repair the connection 
(and thus there is still a leakage), the kidney should be disqualified and proposed to 
other transplant centers. If no center wants to accept such a kidney, the kidney is— 
of course in accordance with the donor’s family—used for research or burned in our 
Department of Anatomy [10-16]. 


3.7.1 Step-by-Step Preparation of the Left Kidney 
for Transplantation 


3.7.1.1 Introduction 


The left renal vein is more than three times longer than the right one (about 7.0- 
7.5 cm). Due to its relatively long course across the abdomen, the left vein receives 
several tributaries from other organs including the left ovary/testicle, left suprarenal 
gland and left portion of the diaphragm. The tributaries of the left vein include: left 
gonadal vein, left inferior phrenic vein, left adrenal vein and capsular veins of the 
left kidney. The left gonadal and left adrenal vein play a role during left vein 
preparation. Occasionally, there can be two left renal veins present. When this 
happens, one runs anterior and the other posterior to the aorta forming the ‘renal 
collar’. The vein that runs posterior to the aorta is also referred to as the retro-aortic 
left renal vein (Fig. 1.12). 


3.7.1.2 Kidney Position and Left Renal Vein Preparation in Steps 


After reducing the perirenal fat and detailed general inspection, we can conclude 
that the kidney is suitable for transplantation and the next step will be its detailed 
preparation in such a way that, after transplantation, blood loss after reperfusion is 
as small as possible [17-19]. 


Steps 


1. The kidney is placed in a sterile bowel or dish filled with ice and preservation 
solution in such a position that the left renal vein is the first vessel from above, 
the ureter is to the right, the renal artery is on the aortic patch behind the left 
renal vein, the ostium of the renal artery and the left renal vein are located in 
front of the surgeon (Fig. 3.44). 
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Fig. 3.44 Put the left renal vein very gently into two vascular forceps and try to look into the 
lumen of the renal vein. 1 and 2—Vascular forceps, 3—Left renal vein, 4—Aortic patch below 
with orifice of the left renal artery, 5—-Atherosclerotic changes, 6—Left adrenal gland, 7—Kidney 
parenchyma with perirenal fat tissue 


2. Inside the lumen of the renal vein, at the mouth of its entrance into the lower 
main vein, using a nonabsorbable 5/0 or 6/0 monofilament suture, we put on two 
“orientation” or “stay sutures”. The puncture made by the needle includes a 
small part of the patch taken from the IVC and inner surface of the left renal vein 
wall (Fig. 3.45). Tie this suture at a distance of 2-3 cm from the renal vein. So 
tied the “stay suture” is easier to remove, without damaging its wall. At the end 
of the “stay suture” we put on a special small vascular clam, the jaws of which 
have been covered with a plastic or rubber band to prevent direct damage to the 
suture. A second orientation stay suture is placed on the opposite side of the vein 
(Fig. 3.46). Orientation sutures are used to tighten the renal vein during the time 
of its preparation and to keep the vein in its physiological position (Fig. 3.47). 
An alternative to orientation or stay sutures is a clamp on the patch of the IVC or 
small soft vascular clamps on the left renal vein wall (Fig. 3.48). 
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Fig. 3.45 With the help of forceps the left renal vein has been put in a physiological position. After 
gentle lumen opening of the left renal vein we put from inside the first “stay suture” (nonabsorbable 
monofilament 5/0 or 6/0). 1—Left renal vein light, 2—Renal artery with aorta patch 


Fig. 3.46 Fitting from inside a second stay suture. 1—Left renal vein, 2—First top corner stay 
suture tied about 3 cm from the wall of the left renal vein, 3—Special vascular clamp whose jaws 
are covered with rubber, in order not to damage the suture during kidney inspection, 4—Kidney 
parenchyma, 5—Bottom corner stay suture 
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Fig. 3.47 Correctly inserted directional stitches (stay sutures) tied at some distance from the wall 
of the left renal vein, fastened with special small vascular clamps, the jaws of which have been 
covered with special sterile rubber tubes in order to protect the suture from cutting. 1 and 2—Stay 
stitches held by vascular clamps with covered jaws, 3—Left renal vein, 4—Kidney parenchyma 


Fig. 3.48 An alternative to the stay sutures is the fastening of small soft vascular clamps on the 
edges of the patch from the IVC to create a top and bottom corner and anterior and posterior wall 
of the renal vein. 1 and 2—Small vascular clamps, 3—Kidney parenchyma, 4—Renal vein, 5— 
Sterile ice small wet gauze immersed in cold preservation solution 
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Fig. 3.49 The surgeon, holding forceps in his left hand and small preparation scissors in his right 
hand, grabs the fat tissue located above the anterior surface of the left renal vein and then gently 
lifts them up. Now with gentle horizontal movements of the preparation scissors, separate the fat 
tissue from the anterior surface of the renal vein starting from ostium of the left renal vein. 
Preparation of the anterior surface is continued towards the renal hilum. 1—Kidney, 2—Left renal 
vein, 3—Aortic patch, 4—Left adrenal gland 


3. After stretching the left renal vein, the surgeon who is holding the forceps in one 
hand and the dissecting scissors in his other hand, grabs and gently lifts the fatty 
tissue situated on the anterior surface of the left renal vein with forceps. Then, 
with gentle horizontal movements of the preparation scissors, the surgeon 
separates the fat from the anterior surface of the left renal vein, starting from its 
venous opening into the IVC or its lumen. The preparation of the anterior 
surface of the left renal vein continues towards the hilum (Fig. 3.49). 

4. After separating the first few centimeters of fat, from the anterior surface of the 
renal vein, preparation scissors are placed vertically, continuing to lift up the 
prepared fat with forceps. The separated fat is cut in the middle and along the 
long axis of the renal vein. The separation and cut of fat with scissors should be 
finished 2.5-3 cm from the renal hilum (Fig. 3.50). 
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Fig. 3.50 After separating the first few centimeters of fat tissue, invert the preparation scissors 
vertically, while still lifting the prepared fat tissues of the anterior surface of the left renal vein with 
the forceps upwards. Cut the prepared fat and tissues in the middle and along the long axis of the 
renal vein. Cutting the fat and tissues with scissors should end approximately 2.5-3.0 cm from the 
hilum of the kidney. 1—Left renal vein, 2—Aortic patch, 3—Kidney, 4—Left adrenal gland 


5. In most cases the accessory renal arteries and the branches of the main renal 
artery may run along the anterior upper surface of the renal vein—the earliest 
branching occurs at a depth of about 2.0-2.5 cm from the kidney hilum. During 
the inspection be therefore focused and watch out. Take small steps and try to 
recognize and locate them quickly and do not damage them. After the dissection 
is completed, the anterior surface of the left renal vein must be exposed along 
with the adrenal and ovarian/testicular veins from which the blood flows into it 
(Fig. 3.51). 
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Fig. 3.51 After completion of the preparation, the anterior surface of the left renal vein is 
completely exposed. 1—Left renal vein, 2—Left adrenal vein, 3—Left adrenal gland, 4—Gonadal 
vein, 5—Kidney, 6—Aortic patch 


6. Now the only thing left to do is to dissect the posterior wall of the left renal vein: 
to do this, ask the assistant to gently grasp both vascular clamps and lift them 
equally gently upwards, thus slightly straining the left renal vein. After the fat is 
dissected from the posterior surface of the left renal vein, the lumbar vein begins 
to become visible (in approximately 30% of the population). It is also possible 
that the lumbar vein escapes into the left renal vein on its posterior surface, but 
this happens less frequently. If the recognition of the branch of the renal vein is 
difficult, we should use a thin metal vascular probe (Fig. 3.52) to identify and 
distinguish the retroperitoneal branch escaping into the left renal vein from the 
early branch of the renal vein leading blood from the kidney to the IVC. The 
adrenal, testicular/ovarian, lumbar and veins other than the renal veins or their 
branches should be carefully ligated or sutured with a non-absorbable vascular 
suture (Fig. 3.53). 
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Fig. 3.52 During fat tissue removing from the posterior surface of the left renal vein, the lumbar 
veins drain the blood into the renal vein and in about 30% of cases to the left renal vein on its 
posterior surface. If recognizing the course of the lumbar vein becomes difficult, you should use a 
metal vascular probe. 1—Aortic patch with left renal artery ostium, 2—Left renal vein with a metal 
probe inside the lumbar vein, 3—Vascular probe outside—opening in the lumbar vein, 
4—Vascular probe in the middle of the renal vein, 5—Kidney, 6—Rest of the aortic wall 


7. The removed fat from the anterior and posterior surface of the left renal vein is 
ligated and cut 2.5-3.0 cm from the kidney’s hilum (Fig. 3.54). Ligate the fat in 
the area of the anterior side of the renal hilium (more than 2.5-3.0 cm) and 
ligate all the lymphatic vessels. In this way we can prevent the formation of 
lymphocele which can arise due to the unclosed lymphatic vessels of the 
transplanted kidney. After reducing the fat, the renal vein is placed on the 
anterior surface of the left kidney. The next step of kidney benching will be the 
preparation of the renal artery (Fig. 3.55). 
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Fig. 3.53 Lumbar vein tied on the posterior wall of the left renal vein. 1—Lumbar vein ligated 
and cut off, 2—Left renal vein, 3—Kidney, 4—Gonadal vein ligated and cut off 


Vas l 


Fig. 3.54 Excess of prepared fat tissue in the kidney hilum area. The fat tissue and lymphatic 
vessels are ligated 2.5-3.0 cm from the kidney hilum and cut off. 1—Left kidney vein, 2—Lower 
pole, 3—Excessive amount of fat, 4—Left adrenal gland, 5—Freed perirenal fat 
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Fig. 3.55 The limit for the reduction of excess perirenal fat tissue runs between the surface of the 
kidney parenchyma and its hilum. After reducing the amount of fat, the prepared left renal vein is 
put on the kidney surface and we proceed to the preparation of the renal artery. 1—Kidney, 2— 
Left renal vein prepared and placed on the upper surface of the kidney, 3—Aortic patch with 
ostium of the left renal artery, 4—Rest of the aortic wall 


Warnings! (Early branching, multiple arteries) 

The additional renal arteries and their very early divided branches which are 
essential for blood supply to the kidney and ureter, can run along the anterior upper 
surface of the renal vein. Be therefore focused and try to prepare in small steps. In 
most cases the early branching of the renal artery begins 2.0-2.5 cm before the 
renal hilum and thus by tying the lymphatic vessels at a distance of more than 2.5— 
3.0 cm from the renal hilum we try to prevent damage to the branches of the 
previously early divided renal artery. Be very careful and predictive during the 
preparation and use surgical magnification loops and a cold light source (LED) to 
not heat up the procured kidney during the inspection. 
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3.7.1.3 General Rules for the Preparation of the Artery Before Any 
Vascular Anastomosis, Regardless of Its Thickness 
and Severity of Arteriosclerosis 


reduce as much adventitia as possible; 

dissect vessels from surrounding tissues with very gentle handling; 

reduce adventitia from the edge of each vessel (in most cases it hangs and 
obstructs the lumen of the vessel, is very thrombogenic and should be removed); 
irrigate each vessel lumen with heparinized physiological saline solution; 

if necessary, perform very gently mechanical dilatation of the artery or vein; 
if necessary, perform chemical dilatation (papaverine 40 mg in 100 ml 0.9% 
NaCl or Verapamil-based on Taha AY—21, and personal experience in the King 
Faisal Specialist Hospital & Research Centre, Riyadh, Saudi Arabia). 


Aw 


mind 


3.7.1.4 Preparation of the Left Renal Artery in Steps 


1. Before starting preparation of the renal artery, we once again inspect the aortic 
patch for the presence of additional renal arteries. The number of arteries 
observed on the aortic patch is compared with the number of arteries described 
in the donor report-organ quality form by the procurement surgeon. For this 
purpose, it is best to use a vascular probe which allows us to trace the course of 
additional renal arteries up to the renal hilum and/or poles of the kidney. If the 


Fig. 3.56 Before the preparation of the renal artery, we check the number of additional renal 
arteries arising from the abdominal aorta wall. 1—Aortic patch, 2—Kidney, 3—A special thin 
vascular metal probe with a finished thin head: use to recognize the course of aberrant and/or 
accessory renal arteries from the aortic patch 
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probe is too thick to determine the path and location of the renal arteries, a thin 
cannula can be used. Very careful, gentle and slow inspection of the renal 
arteries can prevent them from being damaged (Fig. 3.56). 

2. The preparation of the renal artery is similar to that of the renal vein. For this 
purpose, we put two “stay” or orientation sutures on the aortic wall 1—2 cm to 
the left and right side of the ostium of the main renal artery, using a 
non-absorbable monofilament 5/0 or 6/0 suture. The suture that was pierced 
through the aortic wall is tied 2-3 cm away. On the sutures tied in this way on 
both sides of the artery’s ostium, we place separately small vascular clamps, the 
jaws of which have been secured with plastic to prevent the suture from cutting. 
Two “stay” sutures are used to lift and tighten the renal artery during its 
preparation. The advantage of the use of stay sutures is that they prevent damage 
to the aorta patch or the ostium of the renal artery. Keep the stay sutures in a 
physiological position during the transplation to prevent the twisting of the renal 
vein and artery during the vascular anastomosis (Fig. 3.57). 


Fig. 3.57 Preparation for safe dissection of the renal artery. Two stay sutures over the aortic patch 
in a safe distance from the opening of the renal artery to the aorta. 1 and 2—Small vascular clamps 
fastened at the directional sutures. Small clamps jaws are covered with rubber so as not to damage 
the thin stay sutures, 3—Aortic patch with the ostium of the renal artery, 4—Kidney, 5—Renal 
vein, 6—Cut off unnecessary severe arteriosclerotic parts of the aortic patch, 7 and 8—Superior 
and inferior stay sutures are tied at a distance of 2-3 cm from the wall of the abdominal aorta; 
during the inspection the sutures can keep the renal artery under tension in a physiological position 
to prevent renal artery damage 
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Fig. 3.58 Preparation of the aortic patch and the beginning of the renal artery. The surgeon 
performs very gentle horizontal movements of the blades of the preparation scissors to separate the 
fat tissue from the upper surface of the renal artery. We start preparing the renal artery from its 
abdominal aorta patch. 1—Aortic patch, 2—Left renal vein, 3—Kidney parenchyma, 4—Renal 
artery 


3. After a slight stretching of the left renal artery by use of stay sutures by an 
assistant, the surgeon holds the forceps in one hand and the dissecting scissors in 
the other. With the forceps he or she grabs and lifts the fat above the renal artery 
up and then with a very gentle horizontal movement of the blades of the scissors 
attempts to separate the fat from the anterior surface of the renal artery from its 
opening to the aorta towards the hilum (Fig. 3.58). 

4. Turn the preparation scissors and position them vertically and continue to lift the 
separated fat with the forceps, which we cut in the middle and along the long 
axis of the artery, from its ostium towards the renal hilum. The vertical cutting 
with the scissors should end 2.5-3.0 cm from the renal hilum (Fig. 3.59). 
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Fig. 3.59 Turn the preparation scissors vertical, still lifting the fat tissue adjacent to the anterior 
side of the renal artery with forceps and separate the adipose tissue upwards. Cut the fat tissue 
along the long axis of the renal artery in the middle, from the aorta patch towards the kidney hilum. 
When cutting the fat tissue with scissors you should end approximately 2.5-3.0 cm from the hilum 
of the kidney. 1—With forceps raised the fat tissue covers the anterior surface of the renal artery, 
2—Renal artery, 3—Kidney parenchyma, 4—Renal vein placed on the kidney 


Warning! (When inspecting the arteries, beware of the veins and vice versa) 
The additional renal veins and branches of the very early divided essential renal 
veins may run on the anterior surface of the renal artery. Perform the preparation 
carefully (using surgical magnification loupes and good, preferably cold, light), 
think about the veins, try to recognize them quickly, locate them and try not to 
damage them. 
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Fig. 3.60 The anterior superior and inferior surface of the left renal artery should be prepared with 
departing arteries: the most permanent artery is the lower adrenal artery towards the upper pole. 
1—Aortic patch, 2—Renal artery, 3—Renal vein, 4—Left adrenal gland, 5: Kidney—lower pole 


5. The anterior surface of the left renal artery should be dissected with a small 
arterial branch arising from it: the inferior adrenal artery has the most consistent 
course (Fig. 3.60). Preparation of the early division of the renal artery must be 
completed 2.5-3.0 cm before the hilum of the kidney. Be very careful and 
perform the preparation very carefully—remember that the renal artery may 
subdivide at any level (Fig. 3.62). 


Warning! (Problem with identifying renal artery arteries) 

If you have a problem identifying the small branches of the main trunk of the renal 
artery or small aberrant or accessory renal arteries (for instance in the left kidney), 
remember that the artery going from the renal artery upwards to the upper pole of 
the kidney is usually the lower adrenal artery (and has to be ligated) (Fig. 3.61). 
A small branch of the main trunk of the renal artery close to the renal hilum going 
towards the lower pole of the kidney is most likely a ureteral artery. This artery 
plays a very important role in the blood supply to the renal pelvis and the ureter. In 
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Fig. 3.61 Preparation of the renal artery must be completed approximately 2-3 cm before the 
hilum. During preparation, think about the possibility of dividing the renal artery at each level. 
1—Renal artery, 2—Lower adrenal artery, 3—Left adrenal gland, 4—Tied fat tissues: preparation 
of the renal artery completed about 2.5-3.0 cm from the renal hilum. 5—Kidney parenchyma, 
6—Right renal vein 


Fig. 3.62 Thin silicone catheters, which can be used not only to identify the vessels but also to 
check their tightness after kidney preparation for transplantation 


188 3 Kidney Transport, Inspection and Preparation for Transplantation 


order to find and recognize all small branches of the main trunk renal artery and the 
small aberrant and accessory arteries and to regard them as small but very important 
branches during kidney inspection, you must first have knowledge of the anatomy 
and have thin cannulas, thin vascular probes (Fig. 3.62) and ultimately very thin 
Fogarty catheters at your disposal in the operating room. 


6. The assistant lifts the renal vein and slightly pulls down the renal artery so you 
can very gently dissect fat and other tissues from the lateral posterior surfaces of 
the renal artery with scissors. Pay special attention to the proper identification of 
its branches that sometimes appear as a result of its early division, which is 
directly involved in the vascularization of the renal parenchyma. We finish the 
preparation of the posterior wall of the renal artery, 2.5-3.0 cm from the hilum 
(Fig. 3.63). 


Fig. 3.63 After the assistant lifts the renal vein and slightly pulls down the renal artery, fat tissue 
is dissected from the posterior surface of the renal artery. We finish the posterior wall of the renal 
artery preparation 2.5-3.0 cm from the hilum. Pay special attention to the correct diagnosis of 
early branches of the renal artery directly flowing into the renal parenchyma. 1—Kidney, 2— 
Kidney hilum, 3—Renal artery, 4—Renal vein, 5 and 6—Fat tissue close to the kidney’s hilum 
with lymphatic vessels 
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7. Place the prepared artery on the anterior surface of the kidney and start reducing 
the excess fat in the area of its upper pole. Small amounts of fat along with the 
lymphatic vessels are ligated 2.5-3.0 cm from the hilum with 4/0 soluble sur- 
gical ligatures from the upper pole of the kidney towards the ureter (Fig. 3.64). 

8. Fat preparation around the kidney’s lower pole must be performed very care- 
fully due to the blood supply to the ureter. Try to save the “golden triangle’”— 
i.e. the optimal arterial blood supply of every procured kidney—during the 
preparation (Fig. 3.65). 


Fig. 3.64 Place the prepared renal artery on the anterior surface of the kidney and start to reduce 
the excess fat in the kidney’s hilum towards the ureter. Fat tissue and lymphatic vessels are ligated 
2.5-3.0 cm from the kidney hilum with absorbable sutures 4/0. 1—Lymphatic vessel and fat tissue 
ligation, 2—Renal artery, 3—Renal vein, 4—Kidney 
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Fig. 3.65 Preparation of fat tissue around the lower part of the hilum and the lower pole must be 
done very carefully due to the blood supply to the ureter. Here is the “golden triangle” that forms 
the lower pole, renal vessels and the ureter with uretero-pelvic fat tissue together with the small 
vessels that carry blood to the ureter 


3.7.1.5 Kidneys with Multiple Renal Arteries 
Introduction 


Generally the management of multiple renal arteries (MRA) is technically 
demanding. According to certain authors, cadaver kidney procurement with an en 
bloc technique has helped to significantly decrease accidental injury to polar 
arteries. In addition back table repair of arterial injuries and bench reconstruction of 
multiple arteries have helped to significantly expand the pool of cadaver and living 
donor renal grafts. Technical difficulties with a renal arterial anastomosis can lead to 
the infarction of the graft segment, infection, calyceal fistula or ureter necrosis. 
These issues lead to an increased number of complications, increased morbidity and 
a higher rate of graft loss. Lower polar arteries must be precisely anastomozed as 
their occlusion can cause ischemia, infarction and urological complications, such as 
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calyces or ureter necrosis with bad healing and at the end fistulas may result. 
Results of renal artery reconstruction improved with the introduction of extracor- 
poreal microsurgical repair of arterial injuries. Bench reconstruction or back table of 
MRA have become commonplace in the major kidney transplant centers all over the 
world. 


MRA: Most Common Techniques for Back Table Reconstruction 


Several techniques for back table reconstruction of MRA have been described: the 
smaller artery usually is anastomozed in end to side fashion to the main trunk of the 
renal artery; if for example two arteries from the same kidney have the same size— 
common ostium—side to side anastomosis in this case should be done. Another 
major known technique to implant MRA is performed by using the external iliac 
artery with end to side anastomosis, using the internal iliac artery and inferior 
epigastric artery for end to end anastomosis. Rossi et al. [8] used a Teflon patch to 
perform end to side with patch multiple artery anastomosis. Back table work when 
repairing and reconstructing might prolong the cold ischemia time which does not 
affect renal function if it is adequately perfused and cooled. The presence of an 
aortic patch does not have an impact on graft outcome or on the rate of compli- 
cation. Kidney grafts with a single artery can be anastomozed either end to end to 
the hypogastric or end to side to the external iliac artery with equal results. Panwar 
et al. [20] similarly showed that the five-year graft survival for end to side anas- 
tomosis was markedly lower at 40% compared to 70% for the side to side (common 
ostium) group and 90% for the direct anastomosis group. Separate implantation of a 
smaller artery in an external or internal iliac artery runs the risk of prolonging the 
warm ischemia time (WIR) potentially leading to worse graft outcomes, although 
sequential anastomosis of the smaller artery with the inferior epigastric artery is 
another good option described earlier by Panwar et al. The inferior epigastric artery 
may not always be available due to atherosclerosis or an insufficient diameter 
relative to the accessory renal artery. The smaller renal artery may also be prone to 
thrombosis or stenosis. Panwar et al. [20] believe that pantaloon anastomosis 
(common ostium) overcomes the above complications of its alternative options 
while providing a larger diameter channel thus reducing the risk of stenosis. Panwar 
et al. [20] routinely dilate both arteries using vascular dilators during bench dis- 
section. This widens the smaller artery and may help in performing side to side 
anastomosis. Although their follow-up is short, none of the patients in the pantaloon 
group developed arterial thrombosis or graft loss and there were no re-explorations 
in the group. In their conclusion you can read that pantaloon anastomosis is feasible 
in renal grafts with double renal arteries with significant luminal discrepancy and 
offers the advantage of a lower warm ischemia time in the recipient compared to 
separate implantation techniques [40]. 
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Li et al. [21] evaluated arterial blood supply using methylene blue 
(MB) perfusion, and accessory arteries supplying less than 10% of the total MB 
perfusion volume were ligated. The other cases were assessed using a conventional 
method in which arteries with diameters less than 2 mm were ligated. The 
back-table surgical time, Doppler ultrasonography index, renal function and com- 
plications were compared between the two groups. No differences in the Doppler 
ultrasonography index or postoperative complications were noted. The conclusion 
is that MB perfusion provides an easy and effective method to make decisions 
regarding arterial ligation and helps to preserve renal function without increasing 
the number of complications after transplantation [21]. 

Kidneys with MRA should therefore be implanted using the technique that not 
only fits best in a particular situation, but also that is the most comfortable for the 
individual transplant surgeon [22-34]. Example multiple artery reconstructions 
have been performed by the author (Figs. 3.129, 3.131, 3.134, 3.136, 3.138 and 
3.139). 


3.7.1.6 Preparation of the Ureter in Steps 


1. The localization of the ureter is usually not difficult: it shows through the tissues, 
is whiter and, even with little experience, it is usually easy to recognize. 
However, sometimes it is not easy to recognize—especially in obese patients— 
but you can help yourself by using surgical loupes. When trying to identify the 
ureter, remember that its lumen is in the shape of a star. Another tip for finding 
and identifying the ureter is to cannulate it with a soft thin sterile tube and inject 
sterile cold physiologic saline or Ringer’s solution, or preservation fluid into its 
lumen. The slow enlargement of the renal pelvis will provide the evidence that 
we are dealing with the ureter. 

2. The next step in the preparation of the ureter is to reduce the amount of fat tissue 
around it. The reduction of fat can be done from the bottom to the top or vice 
versa. Remember that the arterial supply of the ureter depends only on the 
ureter‘s small arterial branch departing from the renal artery, so the amount of 
tissues around the ureter, going from the renal recess to its end, should decrease. 
The previously cut off ovarian or testicular vein, if it is not very much associated 
with the ureter, should be removed and its branches around the ureter ligated 
with a thin (e.g. 4/0 or 5/0) absorbable suture (Figs. 3.66, 3.67 and 3.68 show a 
kidney after vessel and ureter preparation and fat reduction) [22]. 
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Fig. 3.66 The next step is to reduce the amount of fat tissue in the ureter area, which can be done 
from the bottom up or vice versa. Remember that the arterial supply of the ureter depends only on 
the ureter‘s small arterial branch departing from the renal artery, so the amount of tissues around 
the ureter from the renal recess to its end should be reduced. 1—Ureter, 2—Renal vein, 3— 
Surrounding the renal hilum (small artery to the ureter), 4—Kidney parenchyma and the black 
dotted line shows the border of fat tissue cutting in the area of the hilum and lower pole of the 
kidney, preserving the golden triangle and providing good ureteral perfusion 


Warning! (Be careful to save the golden triangle) 

Distal ureteral ischemia and necrosis secondary to compromised blood supply is 
thought to be the main culprit for early ureteral complications in most patients in the 
absence of technical difficulties during the transplant operation. In contrast to the 
native ureters, which derive their blood supply via both renal arteries and pelvic 
collaterals, the transplanted ureter depends solely on the blood supplied by the 
branch of the renal artery that traverse in peri-ureteric tissues. This area, also known 
as the golden triangle (Fig. 3.65), contains important arterial branches, such as the 
lower polar artery, which supplies the distal ureter. In order to prevent disastrous 
urinary complications, it is important to preserve the peri-ureteral connective tissue. 
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Fig. 3.67 Remember that the arterial supply of the ureter depends only on the ureteral small arterial 
branch departing from the renal artery, so the amount of fat tissues around the lower part of the renal 
hilum and the ureter going from the kidney hilum to its end must be reduced to avoid ischemia. 1—Fat 
tissue reduction around the ureter, 2—Ureteral fat tissue, 3—Kidney parenchyma, 4—Renal artery 


Fig. 3.68 Kidney after inspection prepared for packing and transplantation 
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3.7.2 Testing of Renal Vascular Tightness and Renal 
Parenchyma Perfusion Quality: Detection 
of Mechanical Damage or Stenosis to the Renal 
Mediastinum and Ureter 


3.7.2.1 Testing the Renal Artery and Vein Separately 


The surgeon asks the scrub nurse to pour into sterile bowls located on the prepa- 
ration table a fresh cold preservation solution or to prepare an infusion set with a 
bag of cold preservative solution suspended on a drip stand (I do not recommend 
this because the perfusion solution heats up quickly) (Fig. 3.69). After filling the 
sterile bowls with cold, sterile perfusion solution, fill a 50 ml syringe with it and 
connect it to a thin sterile catheter. In the next step, remove excess air from the 


Fig. 3.69 The surgeon preparing the kidney asks one of the scrub nurses to pour into a sterile 
container located on the preparation table a cold, fresh preservation solution. 1—Chilled 
preservation solution taken straight from the fridge, 2—Filter, 3—Fresh cold preservation solution 
poured into the sterile small bowls 
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Fig. 3.70 Prepared kidney. Testing the integrity of the vessels and ureter after preparing 
(benching) the kidney for transplantation. 1—Syringe, 2—Silicone tube, 3—Renal artery 
cannulated with silicone tube, 4—Renal vein, 5—Ureter 


entire system. Very gently insert the catheter into the lumen of the renal artery, not 
further than halfway along the length, and very slowly close the lumen of the renal 
artery around the drain with your fingers. During injection into the lumen of the 
renal artery, avoid solution leakage between the inserted catheter and the artery 
lumen (Fig. 3.70). Pay attention to solution leaks from the holes in the artery wall 
and/or small branches. If out of small openings or cut off branches of the vessels 
fluid emerges, these should be tied or sutured, depending on the lumen diameter, 
with a 6/0 or 7/0 non-absorbable suture (Fig. 3.71 and 3.72). 
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Fig. 3.71 1—Renal artery, 2—Leakage of preservation solution from the wall of the renal artery 
as a result of a small arterial branch being torn out at the time of kidney procurement, 3—Kidney 
hilum, 4—Kidney parenchyma, 5—Ureter 


Fig. 3.72 Leakage of preservation solution from the wall of the renal artery was sutured. 1—Place 
of leakage: the leakage area was closed with a 7/0 non-absorbable suture, 2—Renal artery, 3— 
Renal vein, 4—Kidney, 5—Ureter 
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Warning! (When there is reduced blood loss—test the vessels!) 
In the same way you can test the renal vein wall for leaks. 


3.7.2.2 Quality of Parenchyma Rinsing 


When flushing the kidney through the renal artery, pay close attention to the color 
of the fluid coming out of the renal vein. If the color is bloody, this indicates that the 
kidney was not rinsed well for blood and preserved. In this case, continue flushing 
until a pale pink or clear preservation solution begins to flow out of the renal vein 
(Fig. 3.73). As you can see in the figure the kidney during organ procurement was 
flushed through the main artery, but its lower pole, unfortunately, has not discolored 
and you can still see blood in it (Fig. 3.74). In the case shown here we need to try to 
locate the additional renal artery responsible for the lower kidney’s arterial blood 
supply or damage at the level of the renal hilum to one of the renal artery branches 


Fig. 3.73 Badly flushed lower pole kidney: after slow rinsing of the renal artery blood comes out 
of the renal vein. 1—Renal artery, 2—Blood coming out of the renal vein, 3—Renal vein, 4— 
Kidney 
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Fig. 3.74 1—Washing out kidney through the renal artery: unfortunately the lower pole of the 
kidney has not discolored and still contains blood. 1—Kidney artery, 2—Lower pole, 3—Upper 
pole of the kidney, 4—Blood coming out of the renal vein 


from the main trunk of the renal artery responsible for vascularization of the lower 
pole of the kidney. After a thorough inspection of the kidney, the renal hilum was 
intact. The only logical explanation for this seems to be the presence of an aberrant 
renal artery not identified at the time of organ procurement, for example arising 
from the iliac vessels or from the abdominal aorta close to its bifurcation. Indeed, 
after a thorough inspection of the fat, we found an aberrant left renal artery to the 
lower pole (Fig. 3.75). 
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Fig. 3.75 1—Unnoticed, found and marked with suture aberrant renal artery to the lower pole of 
the kidney, 2—The main renal artery, 3—The lower pole of the kidney not washed out with blood, 
4—The upper pole of the kidney is well flushed 


The found aberrant renal artery to the lower pole was immediately perfused with 
cold preservation solution with added heparin (Fig. 3.76). The blood in the lower 
part of the kidney was washed out after a few minutes. The lower pole artery was 
reconstructed and implanted end to side in the wall of the main renal artery with 
nonabsorbable sutures 7/0 (Fig. 3.77). The presented kidney was successfully 
repaired and transplanted; after reperfusion the renal parenchyma had everywhere 
colored properly with a normal urine secretion during the whole postoperative 
period. 
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Fig. 3.76 The lower pole of the kidney is supplied with blood by a small accessory artery to the 
lower pole of the kidney. This artery was found incidentally during the inspection of the kidney. 
This artery was not listed as a damaged artery on the quality forms for the organs. 1—Flushing of 
the aberrant small renal artery leading to the lower half (pole) of the kidney and removal of 
residual blood from the lower pole of the kidney supplied by it, 2—After a few minutes of flushing 
the aberrant artery to the lower pole of the kidney together with the parenchyma of the lower pole 
of the kidney, when the blood is flushed out, the colour of the lower pole is normal and it no longer 
contains residual blood, 3—Thin silicone catheter inserted into the lumen of aberrant renal artery 
to the lower pole, 4—Renal vein, S—Aortic patch 


Fig. 3.77 The same kidney is already well rinsed. 1—Main renal artery, 2—An additional renal 
artery runs to the lower pole of the kidney and after careful dissection it was decided to anastomose 
its end to the side of the main renal artery trunk, 3—Renal vein, 4—Kidney, 5—Ureter 
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Fig. 3.78 Sometimes pressure of the solution administered into the lumen of renal artery is 
insufficient to detect leakage; in order to find the leak in the renal artery, its branches or in the renal 
hilum, the renal artery can be gently closed using a small soft vascular clamp or soft vascular 
forceps or fingers. |—Soft vascular forceps, 2—Small silicon tube inserted into the lumen of the 
renal artery, 3—Kidney 


Avoid Renal Artery Injury 

If you think that the pressure of the applied cold sterile solution in the artery lumen 
is insufficient to detect a leak, in order to find the leak in the renal artery, its 
branches or in the renal hilum, the artery can be gently closed using soft vascular 
forceps (Fig. 3.78), your own fingers (best method) or a tiny vascular clamp (small 
bulldog). Please be very careful and avoid a lesion of the renal artery caused by a 
vascular clamp or forceps. 


3.7.2.3 Simultaneous Testing of the Renal Artery and Vein 


In principle, this kind of testing is 99% the same as previously described in 
Sect. 3.7.2.1. when the renal artery and renal vein are tested simultaneously, this 
means that before injecting the cold preservation solution into the lumen of the renal 
artery, the surgeon closes the end of the renal vein very gently with the fingers of one 
hand (Fig. 3.79), with fine and soft vascular forceps (Fig. 3.80) or with a fine bulldog 
which is a non-traumatizing vascular clamp (Fig. 3.81). Pay special attention to any 
type of leakage of the preservation solution from the vessel or its branches, and also 
in the hilum of the kidney. Any fluid leakage should be sutured or ligated preferably 
6/0 or 7/0 with a non-absorbable suture. If the tightness of the vein does not seem to 
be sufficient to close it with a clamp, we can try very gently to close its lumen 2- 
3 cm in front of the renal hilum with our own fingers or very soft forceps (Fig. 3.82). 
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Fig. 3.79 Another method for testing the tightness of the renal artery and vein. 1—Small silicone 
tube inserted into the renal artery closed with fingers, 2—Renal artery, 3—Renal vein closed with 
fingers of assistant, 4—Ureter, 5—Perirenal fat 


Fig. 3.80 Testing the tightness of the renal artery and vein at the same time. Soft vascular forceps 
closes deep in the hilum renal vein. 1—Slight leakage of the preservation solution from the wall of 
the renal vein, 2—Renal vein, 3—Renal artery, 4—Ureter 
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Fig. 3.81 Right kidney. Simultaneously testing the tightness of the renal artery and vein. 1— 
Renal vein closed at the beginning with a small soft vascular clamp (small bulldog), 2—Renal 
artery with a thin silicon tube inserted into its lumen, 3—Kidney, 4—Thin silicon tube inserted 
into the renal artery, 5—Ureter 
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Fig. 3.82 If the tightness of the vein does not seem sufficient, we can very gently close the vein 
before the kidney hilum with soft vascular forceps or a small soft vascular clamp (tiny bulldog). 1 
—Renal vein, 2—Soft vascular forceps, 3—Renal artery, 4—Ureter and kidney parenchyma, S— 
Aortic patch 


3.7 General Rules for Kidney Inspection 205 


Warning! (Short right renal vein—bleeding from the posterior surface) 

A very thorough preparation of the renal vessels is very important from the sur- 
geon’s point of view and the kidney recipient. When we are dealing with a short 
vein, when the kidney is reperfused and the blood flow through the kidney is 
restored, the kidney vein also starts to fills up with blood and at the same time the 
posterior surface of the kidney vein starts to bleed deep into the renal hilum. We 
have undertaken two repair attempts. If the bleeding is getting worse, remember that 
we have little chance or none to control the bleeding without removing the kidney, 
even if we are very experienced surgeons. A bad and careless preparation of the 
kidney may cost the recipient blood loss, kidney loss and finally loss of life. Such 
situations are not pleasant for the transplant surgeon, kidney recipient, kidney donor 
and also for their families, so be aware of them! 


Warning! (Be well prepared—avoid irreversible damage on the back table) 
Kidneys on the back table require a great deal of attention and experience in 
preparation, very good knowledge of surgical anatomy, and in some cases great 
surgical skills, which could be characterized in this way: surgical skills. Nobody 
wants to write about it, but it happens. How many well procured kidneys fail to be 
transplanted because they are so badly damaged on the back table that they cannot 
be repaired afterwards?—nobody knows. In my opinion, national or local transplant 
organizations should register such incidents and regardless of that train surgeons 
not only in procurement surgical techniques, but also in preparing (benching, the 
back table) organs for transplantation. 


3.7.3 Control of the Ureter for the Presence of Diseases 
or Mechanical Injuries and Constrictions 


After the preparation of the ureter and the kidney for transplantation, the ureter and 
renal pelvis should be carefully examined by palpation for tumors and urinary 
stones. In my opinion the ureter and the renal pelvis must be checked every time for: 


— patency of the pelvic-ureteral junction (often the narrowing of the ureter) 

— surgical lesions of the ureter and renal pelvis which are not noticed during the 
procurement (not mentioned in the quality form) and preparation for trans- 
plantation (cuts and burns). 


This is a very unpleasant complication: if you did not check it and did transplant 
it, you have a urine leak in most cases on the second or third day after the trans- 
plantation but when you open the patient you see nothing, everything looks 
beautiful and normal. You wonder where the leak is, you examine, test, finally close 
the patient, leave the drain and on the same or second day urine appears again in the 
drain. 
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The ureter and renal pelvis are very sensitive to high temperatures. Coagulation 
at a distance of less than 1 cm from the ureter or renal pelvis may cause small burns 
and after a few days necrosis of its wall measuring a few millimeters. Please 
remember that sometimes the necrosis of the ureter or a small hole due to a cut is so 
small that it is difficult to localize it during first reoperation, even by a very 
experienced surgeon armed with magnifying surgical loupes. Very small renal 
pelvis and/or ureter diathermy burns during surgery (procurement and/or attempted 
haemostasis after transplantation) are undetectable because the wall of the ureter or 
renal pelvis is intact and does not yet pass urine into the area of the transplanted 
kidney (Fig. 3.83). 
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Fig. 3.83 Slight thermal damage to the ureter during kidney retrieval. Leakage of urine on day 3 
after kidney transplantation. The diagnosis was made on the basis of the high creatinine value 
based on the examination of the fluid drained, by the drain on the left, around the transplanted 
kidney. 1—Transplanted kidney. The initial part of the ureter is about 2-3 cm below the renal 
pelvis with slight necrosis of 2 x 3 mm is marked with a black circle 
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To properly prepare the ureter and renal pelvis for transplantation, follow these 
steps: 


1. Find the cross-section of the ureter and insert very slowly the thinnest catheter 
into the ureter lumen (its cross-section must be much smaller than the 
cross-section of the ureter), stretch the ureter slightly and move the catheter very 
slowly up to the renal pelvis (Fig. 3.84). 

2. Very gently, a few centimeters from its end, close the ureter around the catheter 
with your fingers and then slowly inject 10-20 ml of cold organ preservation 
solution or cold 0.9% NaCl solution or lactate Ringer’s solution into the renal 
pelvis. When administering the fluid in a renal pelvis and ureter, observe 
carefully the increase in volume and consequently the distention of the renal 
pelvis and ureter, inject cold preservation solution very carefully, and try to 
locate the leak. Remember that filling the pelvis and ureter with force may cause 
severe damage to the epithelium located inside the renal pelvis and the ureter 
and/or severe damage of the renal pelvis and/or ureter wall. 


If we still have doubts about the ureteral or renal pelvis damage, a small amount 
of sterile methylene blue can be added to the cold organ preservation solution which 
probably can help to locate the damage. 


Fig. 3.84 Ureter and renal pelvis leakage and stenosis testing. Gently insert a thin catheter into the 
ureter and renal pelvis. 1—Thin silicone catheter, 2—Ureter, 3—Kidney 


208 3 Kidney Transport, Inspection and Preparation for Transplantation 


Fig. 3.85 A thin silicone catheter inserted into the renal pelvis. Very slowly the pelvis and the 
ureter are filled with the cooled preservation solution. 1—Syringe with cold preservation solution, 
2—Thin silicone catheter, 3—Preservation solution filled in ureter, 4—Kidney parenchyma 


The renal pelvis and ureter should be once more subjected to a very gentle 
palpation. If we do not observe an obvious fluid leakage, we can conclude that the 
renal pelvis and ureter are not damaged (Fig. 3.85). 

My proposal to control the ureter and renal pelvis may appear controversial, but I 
actually introduced ureter and renal pelvic controls after I failed twice to notice a 
surgical renal pelvic injury and once a ureteropelvic junction stenosis during the 
preparation of the kidney for transplantation. The problem is that in the cases 
mentioned above, this could have been prevented. In this book I will describe these 
cases, so you can (hopefully) remember them for the rest of your life in order to 
prevent similar complications. At that time we did not use the JJ catheter for the 
decomposition of the ureter urinary bladder anastomosis. I remember a case when 
we did not check the patency of the ureter during kidney preparation due to which 
an anuria occurred a day after the transplantation. An ultrasound scan revealed the 
renal pelvic distention which we had to drain with a radiological drain due to a 
significant enlargement. After administration of the contrast to the renal pelvis, it 
turned out that we missed during the preparation of the kidney an almost complete 
narrowing of the ureteropelvic junction. Finally the patient was treated surgically 
with the plastic of the ureteropelvic junction. An anatomopathological examination, 
in the form of a frozen section of the narrowing place, did not reveal any malignant 
tumor changes. Another case of an inadequate preparation of a kidney for 
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transplantation is the one of a surgeon who forgot to check the patency of the ureter 
while inspecting the kidney. After the transplantation, when 50% of ureter urinary 
bladder anastomosis had already occurred, the surgeon could not insert the JJ 
catheter into the renal pelvis—despite many attempts. 

The stenosis ureteropelvic junction (UPJ) was immediately operated on. 

According to the principle of “prevention is better than cure”, the cases I cited 
above introduced a habit in our transplant team to control the renal pelvic and ureter 
during kidney preparation for transplantation. 


3.7.4 Assessment of the Severity of Atherosclerosis 
of the Abdominal Aorta Wall and Ostium of the Renal 
Artery 


The renal arteries that arise from the lateral wall of the aorta below or above the 
level of origin of the superior mesenteric artery (SMA) of the superior mesenteric 
artery, are the only ones that supply vascular blood to the kidneys located in the 
retroperitoneum. They are approximately 4—6 cm long and have a diameter of 5— 
6 mm. They run posterior to the renal vein and enter the renal hilum anterior to the 
renal pelvis. The renal artery also supplies the adrenal gland and ureter on the 
ipsilateral side. Renal artery stenosis is a narrowing of one or both renal arteries. In 
most of the common cases, it occurs bilaterally due to atherosclerosis or fibro- 
muscular dysplasia. Renal artery stenosis is a common cause of renovascular 
hypertension. In elderly individuals, the usual etiology of renal artery stenosis is an 
atherosclerotic disease. As the lumen of the artery narrows, the renal blood flow 
drops and this compromises the perfusion of the kidney. 

Atherosclerotic lesions in the renal artery usually originate at the renal ostium, 
often as a result of the progression of lesions at the aortic entrance to the ostium. 
Studies of humans have established that these lesions initiate on the caudal side of 
the aortic entrance to the renal artery (Fig. 3.86). Little is currently known about the 
determinants of increased atherosclerosis observed at this site. The narrowing of the 
diameter of the ostium of the renal artery is usually caused by atherosclerotic plaque 
(Figs. 3.87 and 3.88) located at the beginning of the renal artery. Sometimes the 
renal artery ostium into the lumen of the abdominal aorta wall is not narrowed but 
the quality of the aortic wall is very poor (Figs. 3.89 and 3.90). In both presented 
cases of atherosclerosis, the kidney cannot be transplanted with the aortic patch. In 
this case, the renal artery should be reconstructed, for example cut in a healthy 
location outside the atherosclerotic plaque and anastomosed “end to side” or “end to 
end” with one of the renal or iliac vessels (Fig. 3.91). 
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Fig. 3.86 Normal aortic patch and renal artery ostium: both unchanged atherosclerotic. 


1—Unchanged atherosclerotic aorta patch, 2—Unchanged atherosclerotic renal artery ostium, 
3—Kidney 


Fig. 3.87 1—The black mark draws the line between the atherosclerotic plaque situated from the 
ostium side in the first 1 cm of the renal artery. The plaque closes more than 50% of the lumen of 
the artery, so this kidney is not suitable for transplant with an aortic patch. In transplantation, the 
renal artery must be cut and implanted with “end to side” anastomosis of one of the iliac arteries, 
2—Yellow color of atherosclerotic plaque, 3—Distal part of the renal artery not affected by 
atherosclerosis, 4—Renal vein, 5—Kidney 
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Fig. 3.88 1—Almost complete closure of the renal artery ostium due to atherosclerotic plaque, 
2—Kidney 
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Fig. 3.89 1—Extremely advanced atherosclerotic lesions in the abdominal aorta wall, 2— 
Atherosclerotic lesions in the renal artery ostium area to the aorta with a visible onset of ulceration. 
No narrowing around the renal artery ostium is observed, but due to changes in the lumen and the 
wall of the abdominal aorta, an aorta patch was not used to transplant this kidney. This kidney was 
successful transplanted without an aorta patch 
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Fig. 3.90 Advanced atherosclerosis of the aortic wall. Kidney with two arteries. 1—Kidney artery 
ostium almost completely closed with atherosclerotic lesions 2—Second renal artery: this is where 
atherosclerotic lesions and ulcerations enter the arterial lumen. This aorta patch is not suitable for 
transplantation together with the renal arteries; before transplantation of this kidney, arterial 
reconstruction seems to be essential 


Fig. 3.91 The renal arteries were reconstructed during the preparation of the kidney for 
transplantation. 1—“End to side” anastomosis between a second on the aorta patch accessory renal 
artery with the main stem of renal artery. Aortic ostium of implanted artery was almost completely 
closed. 2—Main trunk of the renal artery: at the beginning of the renal artery you can see a 
cream-colored plaque shining through the wall. 3—Kidney parenchyma 
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3.7.5 Sterile Repacking of the Kidney 


1. The inspected kidney is packed in the first bag, which is completely submerged 
with a cold organ preservation solution (the kidney must be on all surfaces 
completely covered). The bag should be tightly tied and should not contain air 
(Fig. 3.92). 

2. The first bag is placed in the second bag which is larger than the first. The 
second bag is filled up with 500 ml of cold 0.9% NaCl saline or Ringer‘s 
solution. The air is released from the second bag and the bag is tied (Fig. 3.93). 

3. The two previous bags are inserted into the biggest bag, the air is released and 
the bag is tightly tied. The third bag is the largest. In Eurotransplant jargon it is 
called a “dry” bag, as it is not filled up with any liquid or solution (Fig. 3.94). 

4. In some teams procuring abdominal organs in some countries it is still customary 
that the last “dry bag” or third bag is wrapped in a special sterile disposable 
surgical napkin normally used to wrap the operating field. Many procurement 
teams in a lot of countries have stopped doing this, so, in my opinion, wrapping 
in a napkin before transportation is not necessary. The prepared and packed 
kidney is placed in a donor transport organ box and covered with ice (Fig. 3.95— 
wrapped in a special disposable surgical napkin and Fig. 3.96—not wrapped). 


Fig. 3.92 Prepared kidney packed in first bag. Pour fresh, cooled preservation solution onto the 
kidney, placed in a sterile bag. |—Kidney container with fresh cooled preservation solution. 2— 
Kidney in sterile bag poured over with fresh cooled preservation solution (300-500 ml) 
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Fig. 3.93 Pack the first bag into a second bag which is filled with 500 ml of 0.9% NaCl 
physiological natrium chloride solution 
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Fig. 3.94 1—The kidney, packed in a third “dry” bag, is handed over to one of the scrub nurses to 
be placed in the transport box 
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Fig. 3.95 Kidney placed in a transport box on ice. 1—Ice, 2—Pack according to the kidney 
protocol; kidney wrapped in a surgical drape, 3—Transport box 


Fig. 3.96 The kidney, after preparation for transplantation, is placed without wrapping in a 
transport box. 1—Kidney, 2—Transport box 
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Warning! (To wrap or not to wrap the kidney?) 

I would like to give you an argument in favour of wrapping, because if the fluid bag 
is damaged, e.g. during transport, the leakage is immediately visible on the napkin 
because it is wet. Without the napkin, you will not be able to see it so quickly 
because in the transport box the entire kidney is surrounded by ice and the fluid 
slowly leaks out and collects at the bottom of the container. 


The kidney is transported to the recipient’s hospital in a transport device which 
allows for continuous hypothermic kidney perfusion. Shortly before the trans- 
plantation in the recipient’s hospital, the kidney is removed from the transport 
device and prepared. After preparation, the kidney is not put back in the machine, 
but in three (sterile) bags and an organ transport box which is filled with ice. 

The three bags are sometimes wrapped in a special, disposable surgical napkin 
which is useful for recognizing a leakage of (one of) the bags. 


3.8 Preparation of the Right Kidney 


3.8.1 Introduction 


In general, inspection and preparation the right kidney for transplantation does not 
differ from preparation of the left kidney. Once again, I would like to remind you 
that from the same donor two kidneys are different in the length of the renal vessels. 
A normal left kidney has a longer vein and a shorter artery, while the right kidney 
has a longer renal artery and a shorter vein which often requires elongation. The 
posterior wall of the right renal vein is very thin, brittle and prone tearing and 
injuries when short; it is procured without an IVC patch or without an IVC segment. 
After kidney revascularization, the right renal vein can become very vulnerable and 
easily tear when the right kidney is lifted or the renal vein is twisted to a place after 
transplantation kidney’s vessels in an optimal position. The right renal vein is 
usually lengthened by the IVC. In many cases, however, the right renal vein is long 
enough and does not need to be extended (Fig. 3.97). If the right kidney is trans- 
planted to the right side and the anastomosis of the right renal vein is made to the 
right common iliac vein or to the IVC, in most cases the right renal vein will not 
need to be lengthened and the recipient’s iliac vessels will not need to be totally 
prepared. The right renal vein is usually lengthened, if necessary, using an IVC or 
another suitable donor’s or recipient’s vein. The elongation of the right renal vein 
with veins taken from the recipient (for example the inferior mesenteric vein 
(IMV)), one of the gonadal veins or the greater saphenous vein can be difficult and 
requires surgical experience and the consent of the recipient. In this section I will 
not deal with the transport of the kidney or the technique of its removal from the 
transport container, unpacking and repacking into individual bags, because all these 


3.8 Preparation of the Right Kidney 217 


Fig. 3.97 Right kidney. The renal vein is long enough and can be transplanted to the right side 
without elongation of the renal vein by the IVC. 1—IVC, 2—Right renal vein, 3—Kidney, 4— 
Ureter 


above mentioned steps are the same for both left and right kidney. The discussion of 
the common elements of preparation of the right and left kidney for transplantation 
was described in the previous section, therefore I will now limit myself to a minimal 
description of its preparation. In the right kidney, accessory renal veins are much 
more common than in the left kidney therefore, in order to discuss the topic of 
accessory veins, I will describe step by step the preparation of the right kidney with 
two veins retrieved from the IVC with a patch and the related decision making 
(Fig. 3.98). 
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Fig. 3.98 Right kidney with two renal veins on the IVC patch. 1—Ostia of the renal veins 
procured with IVC patch, 2—Ureter, 3—Kidney 


3.8.2 Right Kidney Inspection: The Most Important Steps 


1. The sterile container is filled with preservation solution, sterile ice and covered 
by gauze. The right kidney is placed in the container in such a way that the first 
vessel from above is the right renal vein and IVC (if procured with the IVC); an 
aorta patch with renal artery(-ries) faces the surgeon; the right ureter is turned to 
the left side facing the surgeon’s left hand (Fig. 3.99). 
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Fig. 3.99 1—Right kidney prepared for inspection. The ureter faces thesurgeon’s left hand, the 
first vessel from the top is the right renal vein with or without the IVC 


2. We examine the right renal vein which has been cut off from the IVC with an 
IVC patch; we also examine the aorta patch. If retrieved there is a possibility of 
additional renal veins reaching the IVC or additional renal arteries coming from 
the aortic patch; before preparation we control their course with a probe or a 
small catheter (Fig. 3.100). 
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Fig. 3.100 1—Special vascular probe to control the number of veins and arteries and their 
branches arising from the abdominal aorta and coming into the IVC during kidney inspection, 2— 
Aortic patch, 3—The cut branch from the renal artery, which is the upper pole artery, 4—Kidney 


3. The preparation of the right kidney begins with the placement of two “stay sutures” 
inside the patch retrieved from the IVC. We finish the preparation of the vein 
2.5-3.0 cm in front of the renal hilum. During the inspection of the right kidney, the 
dissected IVC patch with the right renal vein(s) are placed vertically on the anterior 
surface and hilum of the kidney to make them more visible (Fig. 3.101). 

4. The next step in preparing the kidney for transplantation will be to prepare the 
renal artery. Begin the preparation of the renal artery from the aortic patch with 
a placement of two stay sutures or two small Mosquito clamps on the aortas 
patch on the left and the right side of the renal artery. Use small preparation 
scissors, and start separating the fat from the wall of the renal artery by very 
gentle horizontal movements of the scissor blades. Cut the mobilized tissues 
along the long axis of the artery while holding the preparation scissors and their 
bladers vertically. We finish the preparation of the right renal artery 2.5-3.0 cm 
in front of the renal hilum. The freed renal artery(-ies) with or without the aortas 
patch are then placed next to the vein on the upper anterior surface of the renal 
parenchyma (Fig. 3.102). 
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Fig. 3.101 Right kidney with two renal veins entering a patch of IVC. IVC patch with two “stay 
sutures”. 1—Major renal vein, 2—Aberrant renal vein, 3—Renal artery, 4—Ureter, 5—Kidney 
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Fig. 3.102 Prepared right renal artery and vein placed on the kidney’s parenchyma. 1—Main right 
renal vein, 2—Main stem of the renal artery, 3—Upper right kidney pole, 4—Ureter 
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Fig. 


3.103 1—Tissue and lymphatic vessel ligation at a distance of 2.5-3.0 cm from the hilum, 


2—Upper pole of the kidney, 3—Renal artery, 4—Golden triangle ureter area 


2: 


Ligate the fat tissue and all the lymphatic vessels which are hidden in them and 
run for a distance of 2.5-3.0 cm from the kidney hilum. Ligate them from the 
right side (upper pole) to the left, towards the ureter (Fig. 3.103). 

Localize and stretch the ureter slightly. Look for its end and locate its star 
shaped lumen. At this point try to distinguish the ureter from the gonadal 
vessels. Excess fat in the ureter area is removed in such a way that the largest 
amounts of fat and tissues are left close to the lower pole, around the renal 
pelvis, kidney hilum and ureter. Moving from the renal pelvis to the end of the 
ureter, we systematically reduce the amount of fat and tissues around the ureter 
so that at the end, after checking the amount of tissue around the ureter, there is 
no more than 0.4—0.7 mm. We take care to preserve the so-called: there is 
golden triangle of the kidney blood supply. The whole philosophy is to 
maintain moderation in the reduction of fat in the area of the kidney hilum, 
renal pelvis, lower pole and at the beginning of the ureter. Because of the 
preparation of the kidney in this way, we maintain proper blood supply to the 
ureter and prevent its massive fibrosis or even necrosis after transplantation 
(Fig. 3.104). 
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Fig. 3.104 Preparation of the right ureter for transplantation. Going from the renal pelvis towards 
the end of the ureter, more and more tissues surrounding the ureter are reduced. 1—Right renal 
vessels, 2—Ureter 


7. Test the renal vessels, renal pelvis and ureter to locate the leak or damage of 
their walls or strictures resulting from the patient’s medical history or the 
procurement process. The artery and renal vein have been placed in a physi- 
ological position. At this point, ask the scrub nurse to pour fresh, cold organ 
preservation solution into a sterile container situated on the preparing table. 
Take the liquid into the syringe, connect the syringe to the thin silicone drain 
(0.6 or 0.8 F), remove air from the entire system. Gently insert the thin silicone 
tube into the lumen of right renal vein to a depth of 2-3 cm, then with your 
fingers close the lumen of the right renal vein gently around the thin drain and 
begin to fill it very slowly with cold organ preservation solution, check the 
tightness or weakness of the vein wall, look for leaks and connections between 
the two veins, if any. 

8. In our case (see Fig. 3.105), two right renal veins were procured together with 
the IVC and had different diameters. As a next step, we had to check if the two 
renal veins were connected together at the level of the kidney parenchyma. If 
you face a similar situation, inject cold preservation solution into the lumen of 
both renal veins and observe if the solution comes out from the lumen of 
another vein. 
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Fig. 3.105 Tightness and connection testing of the lesser renal vein and its connection to the other 
large renal vein at the level of the renal parenchyma. 1—Thin silicon tube used for tightness and 
venous connection testing is placed into the lumen of a smaller renal vein, 2—Smaller diameter 
renal vein, 3—Main renal vein filled with cooled preservation solution, there is no resistance 
during preservation solution injection (good connections between two renal veins), 4—Kidney, 
5—Aorta patch with the right renal artery ostium, 6—Stay sutures placed on the wall of the IVC 


9. Now, change the position of the catheter and place it in the lumen of the other 
vein, just like before. Close gently the lumen of the renal vein on the thin drain 
and slowly, without using force, apply a fresh cold preservation solution to its 
lumen. Just like before, look for leaks or for a weakening of the wall of the 
renal vein. If there is no resistance during the injection of the preservation 
solution into the lumen of one of the renal veins, it means that there are very 
good connections between the two veins at the level of the renal parenchyma 
(Fig. 3.106). 
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Fig. 3.106 1—Cannulated right main renal vein filled with chilled preservation solution injected 
into its lumen, 2—Leakage of preservation solution from the lumen of the lesser renal vein: there is 
no resistance whatsoever during administration of the cold preservation solution, 3—Kidney, 4— 
Renal artery and flowing cold preservation solution from the lower vein indicating good 
connections between the veins at the level of the renal parenchyma, 5—Silicone tube for kidney 
perfusion and probing vessels, 6—stay-suture 


10. As you can see, on the basis of a very simple method of preservation solution 


11. 


administration, we can conclude that there are connections between the veins, 
in this case, the smaller diameter vein has excellent contact with the venous 
outflow of the larger diameter vein, so we do not have to implant it anywhere. It 
can be “tied with impunity”, as it does not cause any disorders in blood flow or 
swelling of the kidney (Fig. 3.107). 

The next step is testing the renal artery for the presence of pathological 
changes, mechanical damage as the result of procurement and/or during 
preparation. At the beginning of the renal artery, put into its lumen a thin 
catheter connected to a syringe filled with fresh, cold preservation solution. 
After placing the catheter into the lumen of the renal artery, use your fingers to 
close the lumen of the renal artery around a thin catheter to slowly fill the renal 
artery with the cold preservation solution. In this case, we can observe a 
leakage of the solution from, probably, a torn-off small branch of the renal 
artery wall (Fig. 3.108). 
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Fig. 3.107 1—An additional right renal vein of a smaller diameter was ligated near the hilum, 
2—Main renal vein, 3—Kidney, 4—Ureter 


Fig. 3.108 Preservation solution leakage during right renal artery testing. 1—Right renal artery, 
2—Small siding perfusion preservation solution leakage, 3—Renal vein, 4—Ureter, 5—-Kidney 
parenchyma 
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Fig. 3.109 1—Evaluation of right renal vein length after IVC removal, 2—Kidney, 3—Ureter, 
4—Aorta patch 


12. 


13. 


Assess the length of the right renal vein when it and the IVC are connected to 
each other. In the present case, you can see that the renal vein is long enough, 
so it does not have to be elongated, and therefore the kidney could be trans- 
planted to the right iliac vessels of the young recipient. The IVC patch was cut 
off from the main renal vein (Fig. 3.109). After cutting the right renal vein one 
more time, we test the tightness of its walls again. Suture the areas of possible 
cold preservation solution leakage or where the vein’s wall is weaked using 
surgical non-absorbable monofilament sutures 6/0 (Fig. 3.110). 

The prepared kidney is transplanted to the right iliac fossa and the vascular 
anastomoses are performed in the next sequence, with the use of 
non-absorbable monofilament vascular sutures: the renal vein “end to side” 
with the common iliac vein (5/0) and the renal artery “end to side” with the 
common iliac artery (6/0). The warm ischemia time was 15 min. After reper- 
fusion the kidney looked normal, its color indicated that it was very well 
supplied with blood. In spite of ligation of one of the veins, there was no 
swelling of the kidney and no impediment to the blood flow from the kidney, 
renal pelvis or ureter (Fig. 3.111). The ureter was implanted into the bladder 
using the Lich-Gregoir method with the use of absorbable 5/0 monofilament 
sutures. Ureter-bladder anastomosis was decompressed using the JJ catheter 
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Fig. 3.110 Testing the tightness of the right renal vein. A small leak in the vein wall was sutured 
with a 6/0 monofilament surgical suture. 1—Renal vein, 2—Renal artery, 3—Ureter, 4—Kidney 


Fig. 3.111 Transplanted kidney. 1—Right renal vein, 2—Right renal artery, 3—Common iliac 
artery, 4—Common iliac vein, 5—Kidney, 6—Transplanted kidney ureter 
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(each end of the catheter resembles the letter J, hence the name double J or pig 
tail). I will describe how to place the JJ catheter and how to handle it after renal 
transplantation in detail in the next chapter. 


Warning! (Try to recognize any kidney tumor in the donor’s hospital before 
packing) 

During the preparation of the kidneys for transportation, pay great attention to a 
careful palpation of the perirenal fat and kidney parenchyma, because in this way 
the surgeon is able to detect a tumor localized within the parenchyma or within the 
fatty tissues (lipoma, liposarcoma) and protect the recipient from very serious 
consequences, that is transplantation kidneys with cancer and/or a transplantation 
lung(s) and/or a heart from a donor with renal cancer or fatty tissue cancer. We 
should remember that, as doctors, we are obliged to protect the recipient of an organ 
(s). If, during palpation, there is even the slightest suspicion that it may be cancer, 
then a problem arises—how do we advise the heart or lung recipients, the surgeons 
or transplant coordinator? How do they deal with this issue regarding the recipient 
of a heart or lungs when a few hours ago these have been transplanted? What do we 
have to do when during kidney preparation we find renal cancer confirmed by an 
anatomopathologist? And what happens if one of the patients was before the 
transplant in a very bad condition and he or she may not survive the second 
transplant or retransplantation? Then questions arise such as: What is the risk of 
developing renal cancer or fatty tissue cancer due to immunosuppression? How can 
we monitor the recipient after heart and/or lung(s) transplantation? What kind of 
immunosuppression should be used so that his/her survival is as long as possible? 
Unfortunately, these very difficult questions often have no clear answers. Therefore, 
it is also very important that a thorough inspection of the kidneys is carried out after 
they have been taken in order to detect any abnormalities early. 


3.9 Surgical Methods of Elongation of the Right Renal 
Vein with the IVC 


3.9.1 Introduction 


As a tule, the right kidney with a short renal vein is considered to be a greater risk 
for vascular problems and graft thrombosis. An elongated right renal vein facilitates 
the surgical procedure and decreases the risk of complications, especially in obese 
patients whose veins are deeply situated in the pelvis. Vascular thrombosis occurred 
in 1—6% of all renal allografts and is one of the major causes of early graft loss [35]. 
I want to remind you once again that the right kidney has a shorter renal vein 
compared to the left kidney, and blood from the right kidney flows into the IVC 
through sometimes more than one renal vein and more often than in the left kidney. 
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The left renal vein, if it runs normally along the anterior surface of the aorta towards 
the IVC, is almost always sufficiently long and rarely requires lengthening (e.g. 
early division of the IVC, various anomalies of the IVC, anomalies of the renal 
veins). The most common indication for repair, and very rarely for lengthening of 
the left renal vein, is accidental damage during procurement or preparation (inci- 
sion, complete dissection) or the course of the left renal vein on the posterior wall of 
the aorta towards the IVC. This vein, as we know, has a very thin wall and is easily 
damaged during retrieval. The most common material used to repair the renal veins 
originates from deceased donors. The following materials can be used for this 
purpose: the IVC, iliac or gonadal veins, the brachiocephalic vein, jugular veins and 
the portal vein (when the liver is not procured and the portal vein is open). There are 
also materials which originate from the recipient and can also be used for the repair, 
such as the great saphenous vein, or the inferior mesenteric or gonadal veins. It is 
not customary to attach a tool-kit (donor vessel for the repair and reconstruction of a 
recipient, organ or recipient vessel) to the kidney. If the procurement surgeon does 
not notice his or her error, the kidney will be sent to the donor’s hospital with a 
damaged or very short renal vein, without any possibility of its extension or 
reconstruction [36—41]. The recipient surgeon has two options: either he/she will 
use the potential recipient’s vessels (e.g. the great saphenous vein or the gonadal 
vein), or he/she will use vascular prostheses to reconstruct the renal vein. 
I personally recommend the donor or recipient or cryopreserved [42] human vessels 
as the first and best material for reconstruction. According to the literature the best 
choice of prosthesis is polytetrafluoroethylene (PTFE). PTFE is commonly used in 
most cases as a prosthesis for this type of reconstruction. Personally I have used 
PTFE prostheses several times, with good results but I have no experience with 
other vascular prostheses. In other articles you can read about other materials that 
have been used for the reconstruction of renal vessels, such as the Dacron or bovine 
arteria heterograft [43]. If you are unsure while on-call or you have no experience, 
consult a vascular surgeon or ask him/her to help you to perform the renal vessel 
reconstruction. 

I would like us to consider for a moment the need to lengthen the right renal vein 
with the IVC. After studying the literature [35, 43-55], the following conclusions 
can be drawn: lengthening the renal vein is technically possible and does not 
increase the incidence of complications after transplantation, e.g. renal vein 
thrombosis; it shortens the duration of warm renal ischemia; it allows its implan- 
tation in patients without or with only minimal mobilization of the iliac vessels; it 
reduces the difference in length between the vein and the renal artery in the right 
kidney, which allows us to maintain the full length of the renal artery with an aortic 
patch during transplantation [32—34, 36-41, 44-51, 56-61]. 
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3.9.2 Kidney with a Short Renal Vein, Which Cannot 
be Lengthened 


3.9.2.1 Introduction 


Everything I have written so far about the elongation of the right renal vein in 
kidney transplantation is true, but it is not the whole truth. Why? Because every day 
kidneys from living related donors are transplanted all over the world without the 
IVC and aorta patch and not in all cases has the surgeon the possibility of per- 
forming an elongation or reconstruction of the right renal vein or other renal ves- 
sels. This is the technique for implantation of the right kidneys with short renal 
veins without the need of reconstruction [35]. 

Try to transplant every first kidney, if technically possible, to the right side. 
Access to the iliac vessels on the right side, is quick, simple and does not require 
extensive vessel preparation of the recipient. The best and most physiological 
position of the kidney on the right side does not require long vessels. As a rule, 1.5— 
2 cm of the renal vein is sufficient, without mobilizing the recipient’s iliac vessels, 
to connect the end of the renal vein to the side with the initial lower part of the IVC 
or with the upper part of the right common iliac vein. The attempt to transplant the 
kidney to the left side with an “end to end” anastomosis with the external iliac vein 
requires a much longer renal vein and thus its elongation. The external iliac vein has 
therefore to be fully mobilized with or without ligating the internal iliac vein. 


3.9.2.2 Renal Transplantation with Recipient Iliac Vein Transposition 


Molmenti et al. described their own interesting method [35] which consists of the 
dissection of the common and external iliac veins and arteries of the recipient by 
transecting the overlying and underlying tissues. The first step is to place the 
external iliac vein in a lateral position with respect to the external iliac artery. In 
case the length of the external iliac vein does not allow for comfortable anasto- 
mosis, the internal iliac vein may be ligated and transected. Ligation of the internal 
iliac vein provides much more common and external iliac vein mobility [35]. 


3.9.2.3 Right Kidney Placed in the Right Iliac Fossa in the Inversion 
Position 


Zomorrodi et al. [52] proposed to transplant the right kidney “upside down” with 
the ureter pointing upwards. According to the surgical technique which the authors 
proposed, the anastomosing of the short length of the right renal vein may be 
compared with the left long renal vein. Twenty kidneys were anastomosed with the 
external iliac vein “upside down” and, before clamping the iliac vessels, 30 units of 
heparin per kilogram of the recipient’s body weight were intravenously injected. 
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The follow-up period of six months showed that 100% of the patients and organs 
were in a good condition and that no thrombosis or any urological complications 
occured. Finally, the authors emphasize how important the perfect back table and 
dissection of the recipient’s iliac vessels is in this method [52]. 


3.9.2.4 General Remarks: Short Renal Vein—Elongation Impossible 


Regardless as to which side the kidney is going to be transplanted, if the need 
arises, perform a careful dissection of the iliac veins, ligate the iliac internal vein 
and other branches reaching the common and external iliac vein. After all these 
steps have been taken, you will achieve a complete mobilization of the common and 
external iliac vein. In some centers the ligation of the internal iliac vein and 
mobilizations of two others is part of the standard transplantation technique for each 
kidney. Please keep in mind that mobilization of the iliac veins and ligating their 
branches will be in many cases a long and quite difficult operation, sometimes 
combined with high blood loss. On the right side the length of the renal artery does 
not play any role. If the recipient’s iliac vessels are not severely altered by arte- 
riosclerosis, the renal artery can be shortened, or without shortening anastomosed 
“end to the side” to one of the iliac arteries—with or without the aortic patch and 
without renal vein elongation [55, 62-70]. 


Warning! (A high kidney position needs a longer ureter—do we have a 
problem again?) 


(a) High renal allograft position—right renal vein elongation impossible 
(thrombosis and/or severe atherosclerosis of one of the iliac vessels) 


The renal vein is highly anastomosed when for example the initial section of the 
IVC, portal vein or superior mesenteric vein (SMA) lies in the extraperitoneal space 
in an ideal, almost physiological position. But nothing is free, as the proverb says— 
such a quite high (physiologically almost orthotopically) or an even higher position 
under the liver of the kidney requires slightly more extensive surgical access, which 
requires a longer incision and long ureter. The end of the long ureter is not always 
optimally supplied with blood which means that it has a much higher risk of fibrosis 
(stenosis) or necrosis and/or urine leakage. A solution for this problem is to shorten 
the kidney transplant ureter and to perform “end to end” or “end to side” anasto- 
mosis with the ureter of the recipient by inserting the JJ catheter to decompress the 
ureter-ureter anastomosis. 


(b) Or maybe a low renal allograft position (severe atherosclerosis, short-cut 
kidney ureter for transplantation, lack of own ureter) or the recipient’s 
ureter is so pathologically altered that it is unsuitable for anastomosis with 
the donor kidney’s ureter 


If we want to perform a venous anastomosis with one of the external right or left 
iliac veins (which are located much deeper especially in obese patients with a BMI 
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>35 or in patients who are very tall) and the external iliac artery, there is in many 
cases no need to totally mobilize both iliac veins on the same side. Only when the 
right renal vein is too short, will an elongation of the renal vein be needed with or 
without the mobilization of the iliac veins. It also should be remembered that the 
course of the external iliac vein, when approaching the inguinal ligament, rises 
upwards. This causes its distance from the kidney to be shorter and thus the incision 
will be smaller. However, in some cases the kidney may require special positioning 
(an inversion position if there is no possibility for vein elongation), for example in 
order to obtain the best physiological position and a proper inflow and outflow of 
the blood from the kidney. Renal vessels of the transplanted kidney must not be 
twisted or kinked. Twisting or kinking is usually responsible for the impeded blood 
inflow and outflow from the transplanted kidney, which may in turn lead to 
thrombosis. If elongation of the short renal vein for one reason or another is 
impossible to perform, the kidney transplant method of Momenti or Zamorrodi be 
used; or ligate and cut the iliac internal vein and mobilize totally the common and 
external iliac vein towards the vessels of the kidney [35, 52]. 


Warning! (Help yourself) 

If the renal vein is short, and there is no possibility of its extension, it must be more 
than perfectly prepared for transplantation, that is the vessels must be 100% tight 
and during vascular anastomoses and reperfusion the position of the kidney must be 
the same. Remember that if there is bleeding from the back wall of the short right 
renal vein during the perfusion—for example somewhere high in the hilum—and 
the kidney has already increased its volume, even the best surgeon has little chance 
to control this bleeding without removing the kidney. After reperfusion of such a 
kidney, don’t manipulate the kidney too much, as this can lead to a renal vein tear 
and a massive hemorrhage [69, 70]. 


Use professional automatic abdominal retractors for transplantation, such as 
Omnitrac or Thompson or Bookwalter. Learn how to use them as this will give you 
a stable surgical field and the possibility of an accurate and safe kidney trans- 
plantation and peace of mind, with one assistant and scrub nurse, without unnec- 
essary shouting or stress. 


Author‘s Remark 

While writing this book, I have tried to count how many times in my life I was 
forced to elongate the right renal vein (not to be confused with the reconstruction of 
a short-cut renal vein). If I remember well, I have done it no more than 20 times. In 
most cases, the main reason for the vein elongation was that the right kidney, which 
had to be transplanted on the left side, had more than one renal vein and one artery 
or more arteries on the aortic patch. In the cases of the right kidney transplanted to 
the right side, I had to extend the right renal vein with the donor’s IVC usually in 
obese, “deep”, difficult and surgically demanding recipients. 
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3.9.3 The Most Popular Surgical Techniques 
for Lengthening the Right Renal Vein 


3.9.3.1 Manual Lengthening of the Right Renal Vein with the IVC 
Using a Non-absorbable Continuous Suture (Author’s 
Experience) 


1. After a thorough kidney inspection, we determine the length by which the IVC 
right renal vein is to be extended. As a rule, we extend the right renal vein to a 
distance greater than 50-70% of the length of the right renal artery, but not more 
than the whole length of the right renal artery. Please do not forget also that the 
length of the elongated right vein or renal veins also depends on the quality and 
length of the procured IVC during organ retrieval. 

2. The next step in the lengthening of the right renal vein is to ligate and/or sew 
tightly all the small open veins that reach the wall of the IVC, so that the walls 
of the IVC are tight. Put both (posterior and anterior) walls of the IVC on each 
other (slightly under tension), and then, with the use of vascular scissors, trim 
the anterior and posterior walls of the IVC to the desired width, 4-6 mm slightly 
larger than the width of the right renal vein or veins. When two or more renal 
veins are lengthened, the wall of the IVC should be an extension (alignment) of 
the outer walls of the renal veins. When the IVC is used for renal vein 
lengthening and suturing, the IVC should expand slightly towards its end. This 
slight expansion will help to prevent constriction and will be responsible for the 
good drainage of blood from the renal veins into one of the iliac veins of the 
recipient. My technique is that the diameter of lengthening of the right renal vein 
with the IVC, which runs from the renal vein towards the end of its lengthening, 
increases slightly its diameter by about 4—6 mm (Figs. 3.113 and 3.114). 


Warning! (The elongation at the end should be wider than the diameter of the 
renal vein) 

Remember that the diameter of the lumen cut from the IVC, before suturing its 
walls, must be at least 4-6 mm wider than the diameter of the renal vein after 
suturing. If we suture one side of the IVC during the renal vein elongation, 3-4 mm 
of the IVC will be absorbed by the suture. If we suture both sides of the IVC during 
the renal vein elongation, 6-8 mm of the IVC will be absorbed by the suture. 


3. After the IVC has been cut and a new renal vein has been formed, before the 
anterior and posterior walls of the IVC are sutured together, the edges of the 
IVC should be lightly pressed against each other to make suturing easier. 


Attention! (How to reposition a knot or knots) 

In my opinion it is important to finish the suture 1-2 cm above the lumen of the 
“new renal vein” outlet, which means that the last 1—2 cm of the vein extensions 
will be sutured twice. When lengthening the renal vein with the IVC, it is possible 
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Fig. 3.112 Right kidney with two renal veins of the same diameter taken with an IVC from the 
donor. 1—Right kidney, 2—Renal artery, 3 and 4—Renal veins, 5—IVC. With the Mosquito clamp, 
the wall of the IVC is grasped just above the cut opening in the IVC left after the left renal vein and the 
IVC patch have been removed. The anterior and posterior walls of the TVC are in contact, and the 
lower part of the IVC is stretched slightly downwards. After cutting to length and width, the Mosquito 
clamp is closed and the anterior and posterior walls of the IVC are sutured together 


to suture its walls twice with the same suture from top to bottom, i.e. from the 
region of the renal tubule towards the lumen of the kidney, and then to suture the 
walls of the IVC again with the same suture, i.e. to return to the previous suture and 
to suture nothing with the suture close to the kidney, i.e. far from the lumen of the 
“new vein”. Double suturing the walls of the IVC will result in better haemostasis 
and less blood loss when the kidney re-perfuses. In this case, my advice is that the 
surgical nerve should be placed away from the lumen of the new vein so that it and 
its cut ends do not interfere with the anastomosis, do not interfere with the anas- 
tomosis, and do not prolong the time required to anastomose the “new renal vein” 
to one of the recipient's iliac veins or IVC (Figs. 3.113 and 3.114). 


4. The kidney has been transplanted to the left side. The two right renal veins were 
elongated with the donor’s IVC (sewn on only one side), and anastomosed “end 
to the side” of the left external iliac vein, the end of the right renal artery was 
shortened and sewn “end to the side” of the left common iliac artery 
(Fig. 3.115). 


236 3 Kidney Transport, Inspection and Preparation for Transplantation 


Fig. 3.113 Stitched walls of the IVC to elongate two identical right renal veins. 1—Elongated 
right renal veins with IVC, 2—Suture site, 3—Renal artery, 4—Kidney 


Fig. 3.114 Elongated renal veins of the right IVC kidney: front view. 1—Sutured and elongated 
right renal veins with IVC slightly widening downwards, 2 and 3—Renal veins, 4—Renal artery, 
5—Kidney 
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Fig. 3.115 Right kidney with elongated veins, with the two IVC renal veins, anastomosed to the 
left iliac external vein of the recipient. |—Renal artery, 2—Common iliac artery, 3—Donor IVC, 
which lengthened two renal veins, 4—Left external iliac artery, 5—Kidney 


3.9.3.2 Elongation of the Right Renal Vein with IVC Using a Vascular 
Stapler 


An elongation of the right renal vein with the IVC technique offers an expeditious 
and safe means of extending the cadaveric right renal vein for 3—5 cm while greatly 
minimizing the ischemic time of the kidney during back table [71]. We call this 
elongation of the right renal vein with IVC transverse lengthening, a transverse 
elongation by the diameter of the IVC. 

The technique of elongation using a vascular stapler is step by step as follows: 


1. The right kidney is to be transplanted for example to the left side. The renal 
artery, IVC, renal vein and ureter have been prepared. The renal vein is very 
short and quickly splits into two veins in the renal hilum. 

2. The IVC and the right renal vein are pulled and stretched downwards using 
vascular forceps and the IVC is stretched sideways (Fig. 3.116). 
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Fig. 3.116 1—Small vascular clamp slightly stretching the lower vena cava, 2—Short right 
kidney vein, 3—IVC, 4—Renal artery, 5—Kidney 


3. Next, from the side of the renal hilum, a vascular stapler is inserted and closed 
across the IVC with on both sides a 2-4 mm extension of the renal vein. The 
lumen of the IVC is closed with the vascular stapler and its excess is cut off. 

4. In the same way, the IVC is closed and cut off on the other side with an 
appropriate margin, according to the rule that the central renal vein extension 
should be on each side 2—4 mm larger in diameter than the main renal vein 
(Figs. 3.117 and 3.118). 

5. Now, the elongated renal vein has no outflow. The renal vein opening should be 
cut from the lateral side of the IVC with sharp vascular scissors (Fig. 3.119). 
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Fig. 3.117 1—Vascular stapler closed across the IVC, 2—Elongated with vascular stapler 
segment of IVC has to be 3-4 mm wider than the diameter of the renal vein, 3—Renal artery 


Fig. 3.118 1—Short right renal vein, 2—Elongated with vascular stapler segment of IVC has to 
be 3—4 mm wider than the diameter of the renal vein, 3—Vascular stapler (white cartridge) closed 
across the IVC 


240 3 Kidney Transport, Inspection and Preparation for Transplantation 


Fig. 3.119 Right renal vein elongated with a vascular stapler technique. 1—Kidney, 2—Right 
renal vein, 3—IVC, 4—Cutting an opening in the lateral wall of the IVC with sharp vascular 
scissors. The lateral opening in the IVC was anastomosed end-to-side with the common iliac vein 
on the left side 


Warning! (Transverse elongation of the right renal vein is not always 
possible) 

Such transverse lengthening of the right renal vein with the IVC is possible when 
the IVC is completely preserved on both sides of the vein. Then in this technique 
the right renal vein can be extended by the width of the IVC. If on both sides of the 
right renal vein the IVC is not completely preserved and we want to elongate the 
renal vein with a stapler and without suturing, we have to apply the technique of 
lengthening the right renal vein which is similar to the “manual” method—where 
instead of a suture we use a vascular stapler to close one side of the IVC 
(Fig. 3.120) [42]. If you ask me which lengthening of the right renal vein is the 
most beautiful, I would answer you that it is the one done by hand. But if you ask 
me which extension of the right renal vein is the most useful, I would answer that it 
is the one made with a stapler. The handmade extension has to be made to measure, 
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Fig. 3.120 Another surgical technique for right renal vein elongation with the IVC. This 
technique consists of a manual elongation or cutting and stapling only one side of the IVC with a 
vascular stapler. 1—Elongated right renal vein with IVC shows closed anterior and posterior wall 
on one side only as you see on the picture from the ureter side, 2—Kidney 


because the whole handmade construction cannot be shortened. Usually after 
lengthening of the renal vein, it is important to look for the best position for the 
elongated renal vein before performing the anastomosis. You have to be careful that 
the vein is not twisted and/or kinked in order to avoid a renal vein thrombosis. If the 
right renal vein is lengthened by the IVC with the help of a stapler, the whole 
structure can easily be shortened with very thick, coarse scissors and thus an 
optimal length and position can be performed without looking for the best place for 
anastomosis. This also means that the vein can be lengthened as long as possible. 
The big advantage of the stapler lengthening is that after opening the patient, it is 
possible at any time to shorten the vein to the desired length. 


242 3 Kidney Transport, Inspection and Preparation for Transplantation 


3.9.3.3 Short Cut Left Renal Vein: Reconstruction with Interposition 
Allograft 


Introduction 


The short renal vein is a technical inconvenience and a surgical challenge [36-38]. 
Such a situation limits the exposure of venues to anastomosis and compromises 
renal mobility and the final position of the kidney. Now we will analyze, step by 
step, how to solve the problem of a short renal vein—especially when we are 
dealing with the kidney which is procured without the IVC and/or with a very short 
renal vein. The first step is to mobilize the renal vein completely from the hilum of 
the kidney. If it is still not long enough, the iliac veins need to be totally mobilized 
by sacrificing the iliac internal vein and a renal vessels anastomosis with the IVC 
and/or one of the iliac veins and common and/or external iliac vein has to be 
performed without any tension. The second (difficult) step is to find an optimal 
position for the kidney and therefore, in some cases, to free all the iliac arteries and 
veins and to sacrify the iliac internal vessels. A too short or injured renal vein may 
benefit from elongation with a venous allograft—as described below—without the 
risk of thrombosis. Based on the literature, it can be concluded that renal vein 
reconstruction with an interposition allograft is a safe and effective modality [35- 
41, 44-54]. 


Brief Case Description 


In this case, the left renal vein was accidentally cut off deeply in the renal hilum, its 
length did not exceed 1 cm. Fortunately, the surgeon retrieving the kidney dis- 
covered by accident that he had cut a renal vein and that the kidney would not be 
suitable for transplantation in this state. He was a very good and honest surgeon, as 
he informed the recipient kidney center about his accident, described the damage in 
detail and added a small section of the IVC to the retrieved kidney to reconstruct the 
left renal vein, adding a small piece of the vena cava superior (VCS) to the left 
kidney for reconstruction. 


Ex Vivo Vein Reconstruction with Interposition Allograft Step by Step 


1. The kidney was prepared for transplantation and a short-cut stump of the left 
vein was put on a non-absorbable 6/0 stay suture, then the left renal vein was 
mobilized from the surrounding tissues—deeply towards the hilum of the 
kidney. 
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2. After measuring the diameter of the renal vein stump, the donor’s IVC was 
trimmed appropriately and sutured in the form of a cylinder. A new “renal vein” 
was thus produced, one end of which was anastomosed to the end of the left 
renal vein stump in the renal hilum with a continuous 6/0 non-absorbable 
monofilament suture (Fig. 3.121). 

3. Then the tightness of the sutured IVC was checked, as well as the anastomosis. 
Only now do we see (Fig. 3.122) where the right renal vein was cut by the 
surgeon who procured the kidney. Fortunately, the kidney was reconstructed 
and transplanted without any complications, to the satisfaction of the recipient 
and recipient’s family. 


Fig. 3.121 Procured left kidney with a very short renal vein as a technical mistake during organ 
procurement. Left renal vein formed from IVC with suturing end to end to the left renal vein. 1—A 
new left renal vein reconstructed from the IVC, 2—A very short cut left renal vein, deeply 
prepared in the renal hilum, 3—The kidney, in order not to warm it during reconstruction, was 
covered with sterile of ice 
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Fig. 3.122 Leakage testing of left renal vein reconstruction with interposition allograft. 1—Own 
tiny margin of the left renal vein, 2—Donor inferior vena cava (IVC), 3—Aortic patch with two 
renal arteries, 4—Kidney upper pole 


3.9.3.4 Other Techniques for Lengthening the Renal Vein 


1. Barry et al. [47] described the “calm-shell technique” for the right renal vein 
extension using the IVC in a cadaver kidney transplantation in case the organ 
procurement team splits the IVC longitudinally. The split IVC is subsequently 
folded medially and sutured on its anterior and posterior surfaces to extend the 
right renal vein. 

2. Other procured vessels from a deceased donor than the IVC can be used for 
extending the renal vein, such as: the iliac, subclavian and brachiocephalic 
vein(s) [54]. 

3. Feng et al. [48] described extending the renal vein using the ovarian or testicular 
vein. The use of the testicular vein can be controversial. Its removal has been 
associated with complications such as impaired blood and lymph drainage from 
the testis and temporary swelling. Disadvantages: small diameter; labor-intensive; 
as a rule, with a longitudinal incision, two or three sections of the vein are sewn 
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longitudinally; in order to reach the diameter of the renal vein, care must be taken 
not to narrow the lumen of the reconstructed vein and to ensure an optimal outflow 
of blood from the graft. Another approach is the spiral reconstruction, which is also 
laborious and requires extensive microsurgical experience—these reconstructions 
are complicated, non-routine and are associated with a greater risk of venous 
thrombosis. 

4. A renal vein can be lengthened by using a specially prepared sterile and 
immunologically neutral bovine artery. 

5. Extending the renal vein with an artificial prosthesis, for example made of PTFE 
or Dacron. This has been described in several cases as saving the kidney from 
being completely disqualified as an organ for transplantation [35-55, 71]. 

6. In situ patch in right renal vein elongation. Santangelo et al. [54] performed this 
right renal vein elongation during the procurement procedure abdominal organ 
perfusion phase with a substantial reduction of the back table time. 


Warning! (Some techniques can be dangerous) 

It should be remembered that some of the above mentioned methods are associated 
with a greater risk of thrombosis of the renal vein and infection, and thus septic 
hemorrhage from vascular anastomoses. 


The currently most popular and safe method of lengthening the right renal vein 
(s), in general consists of: 


e Always retrieving the right kidney with the IVC. 
e Using the IVC or other vein(s) procured from the donor’s body as needed to 
extend the right and, if necessary, also the left renal vein(s). 


The methods of right renal vein elongation with the IVC as described above are 
characterized by the lowest number of complications. By extending the renal vein 
with the IVC or other donor veins, the graft of the patient’s survival is the same as 
in the case of a classical kidney transplantation without vein lengthening. 

The donor’s IVC is the best and most easiest available material for a renal vein 
reconstruction. Other veins are also suitable for lengthening and reconstruction of 
damaged renal veins, but are more difficult to access. Remember that the recon- 
struction material in the form of different veins is normally not needed for the 
reconstruction of a renal vein. As a rule, the left kidney, if well procured, has a long 
vein which does not require elongation and the right kidney should always be 
procured with the IVC. The donor iliac veins—as a reconstructive material—should 
always be divided between the liver, pancreas and sometimes also the intestine, as 
these organs almost always require reconstruction. If during the procurement one of 
the renal veins is cut too short, other veins from the abdominal cavity or chest 
should be collected for its reconstruction. 
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Warning! (Take care of the quality of the procured organs and fill in the 
quality form) 

Before packing the kidney, the procurement surgeon is obliged to examine the 
quality of the kidney perfusion, the number of renal arteries, veins and ureters and 
the advancement of abdominal aortic wall atherosclerosis and the degree of plaque 
in the renal arteries. The surgeon is also obliged to perform fat reduction around the 
kidney. After procuring and packing the kidney for transport, the procurement 
surgeon must describe the quality of the organs retrieved in the quality form, their 
possible damage before or during the procurement, as well as damage to vessels, 
parenchyma, renal pelvis and/or ureters thus all damages which the surgeon has 
seen during the removal or in kidney packaging. 


3.10 Difficult Kidney Inspections and Preparation— 
Decision Making—Cases 


3.10.1 Right Kidney Procured with Three Renal Veins 
on a Patch from the IVC, but Without a Whole IVC 
from the Right Renal Vein up to Its Bifurcation 


The renal artery branches out into four, 1 cm after leaving the abdominal aorta’s 
wall. In one case I dealt with, the lengthening of renal veins did not make sense 
because, firstly, we did not receive any material to lengthen the vein and, secondly, 
the distance between the first and third vein was about 8 cm. The kidney was of a 
good quality, each renal vein was intact and all veins were 3.0-4.0 cm long after 
mobilization and the recipient was a young, not obese man. After a thorough 
analysis of CT scans of the recipient’s iliac vessels, I decided to transplant this 
kidney with a patch from the IVC on the right side. Please remember that the 
chance to transplant the kidney successfully was definitely only on the right side of 
the recipient (the venous anastomosis site: the IVC and right common iliac and 
external vein). The next challenge was to find a Satinsky vascular clamp which was 
long enough to allow for a more than 10 cm long venous anastomosis. 

The preparation of three veins on a patch from the IVC and four renal arteries 
departing from the common trunk is not an easy task. The entire preparation of the 
kidney for transplant took over an hour and a half, with the use of microsurgical 
instruments, surgical loupes and cold lighting. The inspection of a kidney with 
many short vessels must be very thorough and requires not only a surgical but also 
microsurgical experience. Each, even the smallest, arterial and venous vessel must 
be very carefully dissected and the small venous branches must be carefully ligated 
and/or sewn with a non-absorbable monofilament. Do not forget that the wall of 
each prepared vessel (branch) must be leak tested. The kidney transplant operation 
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was performed with a right pararectal incision. After the retroperitoneal space was 
exposed, the following vessels were dissected: the common iliac, external and the 
internal iliac artery—up to its first branch, close to its bifurcation and also the low 
segment of the IVC, the common iliac and half of the external iliac vein. The 
recipient’s internal iliac vessels were not ligated. Prior to arterial anastomosis, the 
previously mobilized recipient’s iliac arteries were very gently pulled to the left side 
with one of the specially designed Omnitrac renal blades in order to show the entire 
course of the previously prepared lower part of the IVC, common iliac and the 
external iliac vein. An open biopsy of the kidney was performed and then the 
kidney was placed in the right iliac fossa for several seconds in order to determine 
its best position and to select the most suitable places for vascular anastomoses. The 
beginning and the end of venous anastomosis were marked with an Argon Beamer 
coagulation. The kidney was placed in a container filled with cold organ preser- 
vation solution. With a Satinsky clamp, the lumen of the common iliac vein and the 
beginning of the IVC were partially closed. The clamped venous section was cut 
longitudinally along the long axis and rinsed from inside with a solution of 
physiological saline and heparin. To prevent cut left vein wall from closing the stay 
suture has been placed. As the next step, the kidney was placed in the previously 
chosen, best position in the retroperitoneal space on the greater psoas muscle. The 
“side to side” venous anastomosis (consisting of renal veins on the IVC patch to the 
side of the common iliac vein and the lower part of the IVC) was performed with a 
continuous, non-absorbable monofilament 5/0 suture. After the anastomosis, the 
iliac recipent arteries were released from the renal blade of the surgical retractor 
(Omnitrac). The renal artery was shortened and cut off about 20 mm after its exit 
from the aorta, because the ostium of the renal artery was narrowed by about 50% 
in the atherosclerotic plaque. The second reason to shorten the artery was that it was 
too long. Through shortening the artery, we have prevented the arteries from 
kinking. The renal artery with its branches was crossed over to the left side between 
the first and second renal vein, medially and to the left, towards the common iliac 
artery, counting from the top. Renal artery anastomosis was made end to side of the 
common iliac artery with a 6/0 continuous suture. After releasing the clamps, the 
kidney was supplied with blood properly and began to produce urine after a few 
minutes. The warm ischemia time was 30 min and the blood loss was about 100 ml. 
The patient was very stable all the time, no pressure drops were noted during 
reperfusion. If—theoretically—this kidney had to be transplanted to the left side for 
some reason, the operation would be much more difficult, if not impossible. This 
would involve a much greater loss of blood and would require the ligation of the 
internal iliac vein and possibly the artery as well, and numerous small veins 
extending from the lumbar region to the iliac vessels. The effects of the 
above-described operation are shown in (Figs. 3.123 and 3.124). 
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Fig. 3.123 1—Right kidney transplanted to the right side, 2—Three renal veins on theIVC patch, 
3—Renal artery branches (four independent arteries), 4—IVC, 5—Renal artery main trunk, 
6—Renal vein blade gently pulling the external iliac artery during venous anastomosis, 7—Right 
external iliac artery 


Fig. 3.124 1—Common iliac artery, 2—External iliac artery, 3—Main trunk of the renal artery, 
4—Three renal veins on the IVC patch, 5—Patch of IVC, 6—Recipient IVC, 7—Common iliac 
vein 
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Warning! (Learn to take the preparation of a kidney for transplant very 
seriously) 

Please remember what I mentioned earlier—a kidney qualified for transplantation, 
after proper preparation, must be safe not only for the recipient of the organ, but 
also for the surgeon. In my career as a transplant surgeon, I have seen various 
difficult situations resulting from poor preparation (poor back table) of a kidney for 
transplantation. 


Usually they were the result of: 


e an inaccurate, too fast or too superficial inspection of the kidney; 
e overstepping the limits of all risks due to inexperience. 


In all cases of poor kidney inspection and preparation, usually after vascular 
anastomosis and releasing of the vascular clamps, there was massive hemorrhage, 
severe blood loss, decompensation of the patient, significant prolongation of the 
warm ischemia time, delayed graft function and in some cases primary 
non-function, consequently a loss of the graft and return to dialysis. 


3.10.2 Reconstruction of Two Renal Arteries of the Same 
or Different Diameter 


3.10.2.1 Introduction 


Most often such reconstructions are performed on renal arteries of the kidney taken 
from the living donor. Both arteries are taken without a patch from the abdominal 
aorta (Fig. 3.125). Sometimes such vascular reconstructions are also performed on 
the renal arteries procured from deceased donors. The best example of this type of 
reconstruction is the kidney with two renal arteries on a highly atherosclerotic patch 
from the abdominal aorta, where the ostias of both renal arteries are clearly con- 
stricted (Figs. 3.126 and 3.127). In this case, the renal arteries must be dissected 
from the patch towards the renal hilum and their quality assessed. As a rule, the 
walls of the renal arteries, which are located at a distance of 0.5—1.0 cm from the 
abdominal aorta, are in many cases—especially concerning elderly people—af- 
fected by severe atherosclerotic changes that are responsible for narrowing of the 
lumen of the renal artery. Beyond this distance, in most cases, the renal arteries are 
of a good quality (smooth and with an elastic wall) without any atherosclerotic 
changes and thus suitable for performing an arterial anastomosis. 
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Fig. 3.125 Left kidney with two renal arteries taken from a living donor. 1—Renal accessory 
artery to the lower pole, 2—Upper artery vascularizing the upper pole and middle kidney, 
3—Renal vein, 4—Upper kidney pole 


Fig. 3.126 Renal artery immediately after leaving the abdominal aorta with a large artheroscle- 
rotic plaque causing a narrowing of the artery, starting at its origin. 1—Atherosclerotic plaque, 
2—Segment of healthy renal artery, 3—Renal vein, 4—Kidney 


3.10 Difficult Kidney Inspections and Preparation ... 251 


Fig. 3.127 Renal artery cut with aortic patch at a distance of 0.8 mm from the abdominal aorta 
wall, with a large atherosclerotic plaque almost completely closed renal ostium in the aorta. 1— 
Kidney, 2—Renal vein, 3—Atherosclerotic unchanged proximal part of the renal artery, 4—Initial 
part of the renal artery lumen of its almost closed atherosclerotic plaque as seen 


3.10.2.2 The Problem of Two Renal Arteries of the Same or Different 
Diameter Can Be Solved in Several Ways 


These are the most common ones: 


1. Both arteries can be implanted separately end to side in one of the iliac arteries. 
To minimize the risk of thrombosis, the recipient’s iliac vessels must show no 
long term atherosclerotic lesions (Fig. 3.128). The argument in favor is that in 
the case of a thrombosis of one artery in difficult anastomoses, the recipient has 
another unobstructed artery and a half-active kidney. 
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Fig. 3.128 Living donation kidney transplant with two renal arteries. Two renal arteries implanted 
in without aortic patch. 1—Kidney, 2—Anastomosis of the spatulated upper renal artery to the side 
of the common iliac artery, 3—Second vascular anastomosis “end to side” between accessory 
spatulated renal artery and iliac external artery, 4—External iliac artery 


2. During an arterial reconstruction, such as the “end to side” anastomosis between 
large and small renal arteries, you need to have microsurgical skills, surgical 
loupes and the possibility of using 7/0 and 8/0 surgical sutures. You can perform 
this anastomosis on a thin silicone catheter (I will describe the technique later). 
The disadvantages of the “end to side” anastomosis are that you have to deal 
with a long preparation time before the transplantation, an increased risk of 
thrombosis and in the case of arterial thrombosis (when both arteries are 
thrombosed) it is practically impossible to save the kidney. Advantages; cutting 
off atherosclerotic narrowed part of renal artery leaving healthy and unchanged 
renal arteries at the kidney, performing one arterial anastomosis. This is par- 
ticularly important when the recipient’s vessels show advanced atherosclerosis, 
where performing a long anastomosis with the aortic patch or performing two or 
more separate anastomoses would be impossible (Fig. 3.129) [25-33]. 
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Fig. 3.129 Kidney recipient with advanced atherosclerosis. It is impossible to perform long 
anastomosis of the two renal arteries on the long aortic patch. The smaller secondary renal artery was 
spatulated and sewn “end to side” to the main trunk of the renal artery (7/0). During anastomosis, a 
silicone tube was used, which was passed through anastomosis during suturing to prevent narrowing 
of the anastomotic site. During the entire renal vascular reconstruction the kidney was protected from 
heat by covering the entire surface of the kidney with wet gauzes and crushed ice. 1—One of the 
accessory renal arteries reaching the lower pole, 2—The main trunk of the renal artery, 3—Renal 
vein, 4—Accessory renal artery to the upper pole, 5—Kidney parenchyma 


Renal Artery Reconstruction Using the Recipient’s Internal Iliac Artery 


Introduction 


As we know, kidneys with multiple renal arteries represent a surgical challenge. For 
these cases, the surgical strategy is to directly anastomose multiple renal arteries to 
the internal iliac artery or the common and/or external iliac artery. However, this 
approach is complicated by the difficulty in performing the anastomoses, bleeding, 
stenosis and a high incidence of false aneurysms. 


Reconstruction “Ex Vivo” 


By applying the method of ex vivo reconstruction of the donor renal arteries with 
the recipient’s internal iliac artery, Pan et al. [62] repaired five cases of donor 
kidneys with more than three renal arteries and excessively short renal arteries 
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during transplantation and treated three cases of renal aneurysms with renal 
auto-transplantation. In all the cases, the surgery was without complications. At a 
minimum follow-up of four years, all patients showed normal renal function, and 
also no thrombus or aneurysm formation or obstruction in the renal artery or its 
branches. The above mentioned method involves the complete ligation and excision 
of the internal iliac artery; first, the branches of the second or third degree of the 
internal iliac artery are ligated in the small pelvis and then the internal iliac artery is 
ligated just as it departs from the common iliac artery, or it is closed with a gentle 
vascular clamp, after which it is severed and the stump is closed with a 
non-absorbable vascular suture. The internal iliac artery, which has been completely 
cut out of the vascular space, is immediately transferred to a sterile bowl in which a 
kidney inspection is performed. The internal iliac artery and its branches are rinsed 
with a cold solution of preservative fluid with heparin. All vascular reconstructions 
are carried out in comfortable conditions by connecting the renal artery or renal 
arteries end to end or end to side with branches previously taken from the recipi- 
ent’s own internal iliac artery. The transplanted kidney arteries reconstructed in this 
way allow us to reduce the warm ischemia time [62, 69]. 


Reconstruction “In Vivo” 


Another method is that the internal iliac artery is dissected from the surrounding 
tissues with its distal branches. After ligation of the branches, the iliac internal artery 
is closed close to the common iliac artery (CIA) with a vascular clamp (a small 
bulldog), its lumen is rinsed with a heparin solution and two or more renal arteries 
are sewn end to end or end to side to the branches [45]. It is a good technique for the 
reconstruction of one or two renal arteries. When more than two renal arteries need 
to be constructed, the warm ischemia time will probably be prolonged and may cause 
irreversible and unnecessary injury to the kidney [63-65, 67]. 


Common Ostium, Common Outlet, “Side to Side” Anastomosis: The 
Conjoined Technique is Possible Only When the Vessels Are of Sufficient 
Length and Similar Size 


Introduction and Surgical Technique 


Side to side anastomosis of both arteries is performed over a space of 0.5-1.0 cm— 
creating a common outlet, i.e. a “common ostium”. 

To perform this type of anastomosis, the arteries must have approximately the 
same diameter and must not be too distant from each other. After a thorough 
inspection of the kidneys, in an ice bowl, we cut in the middle of the walls of both 
arteries at a length of 0.5—1.0 cm towards the renal hilum or cut out a small triangle 
in each artery from the medial side (I do not recommend this—this reduces the 
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diameter of the anastomosis of the two arteries). Then, we proceed to the anasto- 
mosis of the walls of both arteries with continuous non-absorbable 7/0 surgical 
sutures. The anastomosis of the walls of both arteries should be performed from top 
to bottom using microsurgical instruments and magnification loupes or a micro- 
scope. Divide the suture in half, so that the front and back sutures of the walls of 
both arteries are of equal length. At this point, one of the sutures is chosen to create 
the anterior anastomosis and the other, once completed, to suture the posterior walls 
of the renal arteries. After completing the anastomosis of the walls of both vessels, 
place the knots as high as possible so that they do not enter into an anastomosis 
with one of the iliac arteries during kidney transplantation (Figs. ) and 3.131) 
[68-70, 72-74]. 


Fig. 3.130 “Common ostium”. 1—First renal artery, 2—Second renal artery, 3—Incised medially 
and stitched 7/0 walls of both renal arteries, 4—Ice, 5—Wet gauze protecting kidney from dry out 
and frostbite 


256 3 Kidney Transport, Inspection and Preparation for Transplantation 


Fig. 3.131 Transplanted kidney after suturing the beginnings of two renal arteries into one 
common ostium opening. 1—Kidney, 2—Lower renal artery, 3—Upper renal artery, 4— 
Anastomosis between medially incised renal arteries: creation common ostium, 5—Anastomosis 
“end to side” of the common ostium with a right common iliac artery, 6—Right common iliac 
artery, 7—Ureter 


Advantages and Disadvantages of Common Ostium Between Two Arteries 
(Pantaloon—Side to Side Anastomosis) 


Advantages: short time of warm ischemia, possibility of kidney transplantation in a 
patient with advanced arteriosclerosis and only one vascular anastomosis—a small 
section of closure of one of the iliac arteries (in cases of advanced artherosclerosis 
where there is no room to perform two vascular anastomoses). 

Disadvantages: when the anastomosis “thrombosed” the “whole kidney”, the 
arterial anastomosis must be possible in the midline of the kidney (an attempt to 
move the anastomosis up or down may cause one of the anastomosed renal arteries 
to kink, and thus it may increase the risk of thrombosis) [68—70, 72-74]. 
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3.10.3 Reconstruction of the Renal Upper Pole Accessory 
Artery Cut Close to the Capsule During Organ 
Procurement 


Concurrently, different approaches have been applied according to the type of polar 
artery. Numerous studies have recommended the reconstruction of the lower pole 
artery (LPA) who branches are responsible for the arterial blood supply of the ureter 
and the lower pole of the kidney. The small branches of the lower pole renal artery 
are necessary to avoid uretal complications, such as leakage, stricture and necrosis. 
However, very few reports have discussed the importance of the safety of pre- 
serving versus ligating the upper pole renal artery in living-donor kidney trans- 
plantation. Only one recent study recommends routinely ligating the upper pole 
artery or arteries (UPAs) [74]. The study shows that if the area of the upper pole is 
infarcted by less than 10% of the entire area of the kidney, it has no influence on the 
immediate, postoperative kidney function. In the long term, there were no signifi- 
cant differences observed in the estimated glomerular filtration rate or serum cre- 
atinine concentration between the two groups analyzed: the arterial ligation group 
and the arterial reconstruction group. However, arterial complications and a pro- 
longed total ischemic time were reported in the second group. Although the safety 
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Fig. 3.132 1—VCI and right renal vein, 2—Renal artery, 3—Damaged accessory renal artery 


supplying the upper pole, 4—Gauze soaked in cold solution to prevent frostbite and dry out of the 
kidney, 5—Ice 
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of the arterial reconstruction was established, the authors do not provide criteria and 
indications for arterial reconstruction and optimum techniques for this procedure, 
stating only that the mean diameter of the 27 UPAs ligated in their study was 
1.82 mm. Trying to draw conclusions from the articles I have read and from my 
experience, I can say that any renal artery over 2.0—2.5 mm in diameter should be 
reconstructed if possible. Ischemia (infarction) of less than or greater than 10% of 
the kidney is very difficult to predict, but it can be suggested that it increases with 
the diameter of the artery [74-76]. 


Surgical technique: 


1. After unpacking, the kidney was placed in a container filled with ice and cold 
preservation solution. Due to the use of an operating lamp (no cold light source), 
in order to prevent unnecessary warming of the kidney, its front surface was 
covered with gauze and ice soaked in cold organ preservation solution. 

2. The injured artery was dissected as far as possible in the kidney parenchyma. 
The major renal artery was directed towards the damaged upper pole renal artery 
to define the site of anastomosis. The main renal artery trunk was closed nearby 
the renal hilum with a small vascular clamp (bulldog) and then the renal artery 


Fig. 3.133 Sewing of the end of the injured upper pole artery “end to side” to the main trunk of 
the renal artery. 1—Upper pole, 2—Main trunk renal artery, 3—Injured upper pole artery, 4— 
Suture—anastomosis between arteries 
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was gently filled with the cold organ preservation solution. The place of anas- 
tomosis was marked. 

3. The renal artery was incised longitudinally at a length of 3-4 mm in a previ- 
ously selected place with a special surgical knife used in ocular surgery. In the 
wall of the main trunk of renal artery, after its longitudinal incision with rounded 
micro-scissors, a small semi-oval hole was cut on each side. The wall of the 
accessory (upper pole) renal artery was also incised on the side of the main renal 
artery over a length of 3-4 mm. Two 7/0 non-absorbable sutures (Fig. 3.133) 
were used to perform the anastomosis. In some situations, if we are not com- 
pletely sure of the anastomosis, a thin catheter may be inserted from the side of 
the main renal artery lumen, passing through the anastomosis and entering the 
lumen of the cut accessory renal artery. 

4. After the arterial anastomosis was performed and the arterial blood supply for 
the kidney upper pole was reconstructed, the anastomosis patency and tightness 
was checked with an injection of cold heparinized 0.9% NaCl (Fig. 3.134). 


Fig. 3.134 Testing the tightness of the renal artery and anastomosis. 1—Right kidney, 2— 
Reconstructed artery to the upper pole of the kidney, 3—Main stem of the renal artery, 4—Right 
renal vein closed with a vascular clamp: a small bulldog 
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Fig. 3.135 Kidney transplanted after reconstruction of the accessory renal artery carrying blood to 
the upper pole of the kidney; normal blood supply to the upper pole of the kidney. 1—Main stem 
renal artery, 2—Kidney, 3—Reconstructed renal artery, 4—Renal vein 


5. After the transplantation the kidney looked normal, the upper pole of the kidney 
had the same color as the rest of the kidney parenchyma, the kidney took up 
work several minutes after the transplantation and started urinating (Fig. 3.135). 


Warning! (Try to save and reconstruct every UPA with a diameter bigger than 
2 mm) 


1. In this situation, most surgeons would place a ligature on the stump of the artery 
and proceed with its transplantation. The following arguments support this 
procedure: the upper pole artery is not involved in the blood supply to the renal 
pelvis or ureter, a diameter of 2.0-2.5 mm is difficult for the microsurgical 
reconstruction and does not lead to a certain effect as there is a high probability 
of thrombosis in not only the UPA, but also in the main renal artery. 
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2. My arguments for the reconstruction are: the experience, availability of 
appropriate instruments, surgical loupes and cold light. I did several hundred 
reconstructions of renal arteries, liver and pancreas, without any thrombosis. 
Why should we sacrifice the entire upper pole of the kidney and cause ischemia? 
After all, the upper pole is one-third of the kidney surface. Different questions 
arise about what we will have if we do not reconstruct the upper pole artery: 
How long will the kidney work? How long will it survive? How much will the 
ischemia of the upper pole influence the survival of the kidney? Will the kidney 
function normally without the upper pole? How long will it last? Will the patient 
be dialyzed after the operation or will nothing happen so the patient can go 
home eight days after the operation? I think that I have listed enough arguments 
to encourage an attempt to save the blood supply to the upper pole and to take 
the action of reconstruction to the renal artery with a diameter greater than 2.5- 
3.0 mm [63-65, 74-76]. 


3.10.4 Preparation for Transplantation: Right Kidney 
with Four Arteries, One Renal Vein Procured 
with the IVC and One Ureter—Steps (From Author’s 
Own Collection) 


1. Four arteries on the aortic patch with very advanced atherosclerosis: after the 
general preparation of the kidney due to atherosclerosis, the aortic patch was cut 
off, leaving four healthy, non-atherosclerotic arteries at the kidney. 

2. The two medial arteries were approximately 4 mm in diameter, and the two 
outside of them running to the upper and lower poles were approximately 
2.5 mm in diameter. In order to avoid the necessity to perform four vascular 
anastomoses in the recipient, it was decided to implant two external arteries of 
smaller diameter into the side of the inner renal arteries of larger diameter. 
Vascular anastomosis was performed with a continuous non-absorbable 7/0 
suture. The right renal vein was elongated with the IVC of the donor. Prior to 
transplantation, the tightness of the performed vascular anastomoses was tested 
(Fig. 3.136). 

3. The right kidney was transplanted to the left side. First, an anastomosis of the 
elongated right renal vein was performed, end-to-side with the left common iliac 
vein of the recipient kidney. Then, after occlusion of the left, internal and 
external common iliac artery with two vascular clamps and after determining the 
optimal sites for arterial anastomoses, both vascular anastomoses of the renal 
arteries were performed with a 6/0 non-absorbable suture. Arterial anastomosis 
was performed by implanting the medial major renal arteries end to side of the 
common and external iliac arteries. Figure 3.137 shows the transplanted kidney 
prior to the release of the vascular clamps. 
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Fig. 3.136 Four renal arteries. 1—Upper major renal artery, 2—Secondary upper accessory renal 
artery implanted end to side to the upper major renal artery, 3—Secondary inferior renal artery to 
lower pole of kidney implanted end to side to the inferior major renal artery, 4—Inferior major 
renal artery, 5—Right renal vein, 6—Kidney 


Fig. 3.137 A transplanted right kidney with four arteries just before reperfusion. 1—Common 
iliac artery, 2—Main upper renal artery, 3—Main lower renal artery with additional renal artery 
grafted to the side, 4—Kidney, 5—Upper and lower vascular clamps closing iliac arteries, 6— 
Satinsky vascular clamp closing iliac veins, 7—Very delicate bulldog vascular clamp 
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Fig. 3.138 Kidney transplanted with four renal arteries: two small implanted “end to side” in the 
main renal arteries and two main arteries implanted “end to side” in the iliac arteries. 1—Kidney, 
2—Common iliac artery, 3—Lower pole renal artery, 4—Renal vein 


After the reperfusion, the kidney started to excrete a small amount of urine. The 
color, consistency, position of the kidney and the reconstructed vessels were 
normal. Pulsation was clearly perceptible in all four renal arteries. The warm 
ischemia time was shortened by performing only two, not four, anastomoses 
with the common iliac artery of the recipient. The total duration of the warm 
ischemia was 35 min (Fig. 3.138). 


Warning! (I will repeat this ad nauseam: kidney back table is very 
important) 
Advantages of a good kidney inspection and preparation for transplantation: 


Ability to detect early and repair the damage done to the vessels (Fig. 3.139), 
kidney parenchyma, renal pelvis or ureter. 

If it is not possible to repair all the injuries that were made at the time of organ 
procurement during inspection, the kidney is disqualified and found not suitable 
for transplantation. 

Saves blood loss of the recipient after transplantation during reperfusion. 
Reduces the duration of warm ischemia, which in turn may contribute to a 
reduction in the frequency of the delayed graft function and the amount of 
dialysis after the kidney transplantation prior to complete kidney function. 
Reduction of the risk of kidney transplantation with the tumor due to a thorough 
organ check. 
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Fig. 3.139 Kidney from DBD donor with three arteries (two damaged—cut without contact with 
the aorta, one renal artery on the aorta’s patch). Reconstruction. 1—Lower pole renal artery 
anastomosed end to side to the artery number 2 in the picture, 2 and 3—Two renal arteries 
reconstructed as a common ostium and implanted end to side of the iliaca communis artery, 4— 
Kidney parenchyma 
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Warning! (How a vascular surgeon can help in kidney transplantation) 
Lejay et al. [77] describe how a vascular surgeon can help at the different stages of a 
difficult kidney transplantation process in modern healthcare: (1) before kidney 
transplantation for recipient preparation in order to allow subsequent graft 
implantation, or stenting, either by performing percutaneous embolization of renal 
arteries in the setting of polycystic kidney disease or treatment of aneurysmal or 
occlusive lesions that would contra-indicate graft implantation; (2) Pre-transplant 
renal evaluation, when difficult vessel repairs (anastomoses) must be performed to 
prepare the kidney for transplantation so that a kidney transplant can be performed; 
(3) after surgery for long-term follow-up, including transplant renal artery or one of 
the iliac artery stenosis treatment or help with difficult transplant nephrectomy. 


3.11 Conclusion 


Not only the retrieval of the kidney, but also its mode of transport to the donor’s 
hospital and the proper preparation of it for transplant, may significantly affect not 
only the quality of the transplant, but also the survival of the transplanted kidney 
and the patient. This is the case if only one of these circumstances is insufficient. 


References 


. https://dictionary.cambridge.org/. 
. https://www.thefreedictionary.com/. 

3. Institute of Medicine (US) Committee on Organ Procurement and Transplantation Policy. 
Organ Procurement and Transplantation: Assessing Current Policies and the Potential Impact 
of the DHHS Final Rule. Washington (DC): National Academies Press (US); 1999. 4, Organ 
Donation. https://www.ncbi.nlm.nih.gov/books/NBK224655/. 

4. https://www.eurotransplant.org/patients/eurotransplant-manual/. 

5. Storage and transportation to processing facility. In: Guide to safety and quality assurance for 
organs, tissues and cell, 2nd ed. Council of Europe Publishing; 2014. p. 45-9. ISBN: 
9287155186. https://www.coe.int/t/dg3/health/Source/GuideSecurity2_en.pdf. 

6. Vila G-V, Maria J, Caralps A, Revert L, Andreu J, Carretero P, Figuls J. Extracorporeal renal 
surgery. Work bench surgery. Urology. 1975;5:444—51. https://doi.org/10.1016/0090-4295 
(75)90064-3. 

7. https://4fetz7 13plu53drexe2d 1 Oht-wpengine.netdna-ssl.com/wp-content/uploads/2019/12/ 
755-00029-Rev-J-LKT100-Operators-Manual.pdf. Life Port Kidney Transporter. Operator’s 
Manual 10. 

8. Rossi M, Alfani D, Berloco P, Bruzzone P, Caricato M, Casciaro G, Poli L, Iappelli M, 
Pecorella I, Pretagostini R, et al. Bench surgery for multiple renal arteries in kidney 
transplantation from living donor. Transplant Proc. 1991;23(5):2328-9. PMID: 1926377. 

9. Shih Y, Becker JA, Suster B, et al. Renal bench surgery. Urol Radiol. 1981;3:101. https://doi. 
org/10.1007/BF02927818. 

10. Silverman SG, Pedrosa I, Ellis JH, Hindman NM, Schieda N, Smith AD, Remer EM, 
Shinagare AB, Curci NE, Raman SS, Wells SA, Kaffenberger SD, Wang ZJ, Chandarana H, 


Noe 


266 3 Kidney Transport, Inspection and Preparation for Transplantation 


Davenport MS. Bosniak classification of cystic renal masses, version 2019: an update 
proposal and needs assessment. Radiology. 2019;292(2):475-88. 

11. Muglial VF, Westphalen AC. Bosniak classification for complex renal cysts. Classificação de 
Bosniak para cistos renais complexos: histórico e análise critic. Radiol Bras. 2014;47(6): 
368-73. 

12. Israel GM, Bosniak MA. How I do it: evaluating renal masses. Radiology. 2005;236(2):441- 
50. https://doi.org/10.1148/radiol.2362040218. 

13. Curry NS, Cochran ST, Bissada NK. Cystic renal masses: accurate Bosniak classification 
requires adequate renal CT. AJR Am J Roentgenol. 2000;175(2):339-42. AJR Am J 
Roentgenol (full text). 

14. Warren KS, Mcfarlane J. The Bosniak classification of renal cystic masses. BJU Int. 2005;95 
(7):939-42. https://doi.org/10.1111/).1464-410X.2005.05442.x. 

15. Park BK, Kim B, Kim SH, et-al. Assessment of cystic renal masses based on Bosniak 
classification: comparison of CT and contrast-enhanced US. Eur J Radiol. 2007;61(2):3 10-4. 
https://doi.org/10.1016/j.ejrad.2006. 10.004. 

16. Jessica L, Darcy M, Zuckerman DA. Renal cysts and urinomas. Semin Intervent Radiol. 
2011;28(4):380-1. 

17. Gawish AE, Donia F, Samhan M, et al. Outcome of renal allografts with multiple arteries. 
Transplant Proc. 2007;39(4):1116—7. 

18. Lamers R, Zaccai K, Schoots I, et al. De Bosniak-classificatie voor niercysten: tijd voor een 
volgende verandering? Tijdschr Urol. 2016;6:2-14. https://doi.org/10.1007/s13629-015- 
0108-x. 

19. Skandalakis JE. Scandalakis’s surgical anatomy. The embryologic and anatomic basis of 
modern surgery. Chapter 23: Kidneys and ureters, p. 1291-344. Chapter 24: Urinary bladder, 
p. 1345-77, vol. 2. Paschalidis Medical Publication Ltd.;2004. 

20. Panwar P, Bansal D, Maheshwari R, Chaturvedi S, Desai P, Kumar A. Management of donor 
kidneys with double renal arteries with significant luminal discrepancy: a retrospective cohort 
study. Indian J Urol. 2020;36:200-4. 

21. Li Y, Song Y, Hu W, Wang X, Xiao Y, Huang C. Methylene blue usage for determining 
accessory artery ligation in donor kidneys. Surg Innov. 2020. https://doi.org/10.1177/ 
1553350620971474. Epub ahead of print. PMID: 33124503. 

22. Benedetti E, Troppmann C, Gillingham K, et al. Short-and long-term outcomes of kidney 
transplants with multiple renal arteries. Ann Surg. 1995;221(4):406-14. 

23. Barry JM. Technical aspects of renal transplantation. In: Henrich WL, Bennet WM, editors. 
Atlas of kidney disease. Tom V; 2001. 

24. Başaran O, Moray G, Emiroğlu R, Alevli F, Haberal M. Graft and patient outcomes among 
recipients of renal grafts with multiple arteries. Transplant Proc. 2004;36(1):102—4. https:// 
doi.org/10.1016/j.transproceed.2003.11.012. PMID: 15013313. 

25. Davari HR, Malek-Hossini SA, Salahi H, et al. Sequential anastomosis of accessory renal 
artery to external iliac artery in the management of renal transplantation with multiple arteries. 
Transplant Proc. 2003;35(1):329-31. 

26. Merkel FK, Matalon TA. An en bloc method for use of small pediatric cadaver kidneys in 
adult recipients. Transplant Proc. 1990;22(2):405-6. 

27. Boggi U, Vistoli F, Del Chiaro M, et al. A simplified technique for the en bloc procurement of 
abdominal organs that is suitable for pancreas and small-bowel transplantation. Surgery. 
2004; 1(35):629-41. 

28. Nahas WC, Lucon AM, Mazzucchi E, et al. Kidney transplantation: the use of living donors 
with renal artery lesions. J Urol. 1998;160(4):1244-7. 

29. Makiyama K, Tanabe K, Ishida H, Tokumoto T, Shimmura H, Omoto K, Toma H. Successful 
renovascular reconstruction for renal allografts with multiple renal arteries. Transplantation. 
2003;75(6):828-32. https://doi.org/10.1097/01.TP.0000054461.57565.18. PMID: 12660510. 

30. Chautems RC, Mourad M, Malaise J, Squifflet J. Inferior epigastric artery for revascular- 
ization of lower polar arteries in renal transplantation. Transplant Proc. 2000;32(2):441-2. 

31. Mosley JG, Castro JE. Arterial anastomoses in renal transplantation. Br J Surg. 1978;65:60-3. 


References 267 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


Yamanaga S, Rosario A, Fernandez D, Kobayashi T, Tavakol M, Stock PG, et al. Inferior 
long-term graft survival after end-to-side reconstruction for two renal arteries in living donor 
renal transplantation. PLoS One. 2018;13. 

Wijayaratne DR, Sudusinghe DH, Gunawansa N. Multiple renal arteries in live donor renal 
transplantation; impact on graft function and outcome: a prospective cohort study. Open J 
Organ Transpl Surg. 2018;8:1-11. 

Hernández-Rivera JCH, Espinoza-Pérez R, (Cancino-López JD, Silva-Rueda RI, 
Salazar-Mendoza M, Paniagua-Sierra R. Anatomical variants in renal transplantation, surgical 
management, and impact on graft functionality. Transplant Proc. 2018;50:3216-21. 
Molmenti EP, Varkarakis IM, Pinto P, Tiburi MF, Bluebond-Langner R, Komotar R, 
Montgomery RA, Jarrett T, Kavoussi LR, Ratner LE. Renal transplantation with iliac vein 
transposition. Transplant Proc. 2004;36(9):2643-5. https://doi.org/10.1016/j.transproceed. 
2004.10.012. PMID: 15621112. 

Stratta RJ, D’Alessandro AM, Belzer FO. Renal vein reconstruction with interposition 
allografts in cadaveric renal transplantation. Transpl Int. 1988;1(2):86-90. https://doi.org/10. 
1007/BF00353825. PMID: 3076386. 

Puche-Sanz I, Pascual-Geler M, Vazquez-Alonso F, et al. Right renal vein extension with 
cryopreserved external iliac artery allografts in living-donor kidney transplantations. Urology. 
2013;82(6):1440-3. 

Rahman AU, Tan LC, Walters AM, Sadek SA. Use of the inferior vena cava as a conduit in 
transplantation of the right cadaveric kidney. Transplant Proc. 1999;31(8):3131-2. 

Launois B, Jamieson GG, Maddern G, et al. Venous allografts: a useful alternative to venous 
autografts in digestive surgery. Aust NZ J Surg. 1995;65:579-81. 

Hammoudi Y, Benoit G, Bensadoun H, et al. Benefits of vena cava removal with the renal 
vein in cadaver kidney procurement: incidence of arterial complications. Transplant Proc. 
1988;20:762. 

Nakatani T, Takemoto Y, Kim T, Uchida J, Han Y, Tsuchida K, Yoshimura R, Kawashima H, 
Sugimura K. Results of cadaver kidney transplantation with right renal vein extension. Urol 
Int. 2003;70(4):282-5. https://doi.org/10.1159/000070136. PMID: 12740492. 

Puche-Sanz I, Pascual-Geler M, Vazquez-Alonso F, Hernandez-Vidana AM, Flores-Martin 
JF, Espejo-Maldonado E, Cozar-Olmo JM. Right renal vein extension with cryopreserved 
external iliac artery allografts in living-donor kidney transplantations. Urology. 2013;82 
(6):1440-3. https://doi.org/10.1016/j.urology.2013.07.045. Epub 2013 Oct 2. PMID: 
24094655. 

Spees EK Jr, Oakes DD, Light JA, et al. Successful renal vein reconstruction with bovine 
arterial heterografts. Ann Surg. 1977;186:749-51. 

Baptista-Silva JC, Medina-Pestana JO, et al. Right renal vein elongation with the inferior vena 
cava for cadaveric kidney transplants. An old neglected surgical approach. Int Braz J Urol. 
2005;3 1(6):5 19-25. 

Barry JM, Fuchs EF. Right renal vein extension in cadaver kidney transplantation. Arch Surg. 
1978;113:300. 

Barry JM, Lemmers MJ. Patch and flap techniques to repair right renal vein defects caused by 
cadaver liver retrieval for transplantation. J Urol. 1995;153:1803-4. 

Barry JM, Hefty TR, Sasaki T. Clam-shell technique for right renal vein extension in cadaver 
kidney transplantation. J Urol. 1988;140(6):1479. 

Feng JY, Huang CB, Fan MQ, et al. Renal vein lengthening using gonadal vein reduces 
surgical difficulty in living-donor kidney transplantation. World J Surg. 2012;36:468-72. 
https://doi.org/10.1007/s00268-01 1-1243-z. 

Tan LC, Rahman AU, Walters AM, Sadek SA. The inferior vena caval conduit—a neglected 
technique in transplantation of the right cadaveric kidney? Transpl Int. 2000;13(Suppl 1): 
$60-3. https://doi.org/10.1007/s001470050276. PMID: 11111963. 

Benedetti E, Fryer J, Matas AJ, et al. Kidney transplant outcome with and without right renal 
vein extension. Clin Transpl. 1994;8:416—7. 


268 3 Kidney Transport, Inspection and Preparation for Transplantation 


51. Janschek EC, Rothe AU, Holzenbein TJ, et al. Anatomic basis of right renal vein extension 
for cadaveric kidney transplantation. Urology. 2004;63(4):660-4. 

52. Zomorrodi A, Kakaei F, Zomorrodi S. Novo techniques that facilitate the transplant of short 
right allograft kidney vein as left allograft kidney from live donor. https://doi.org/10.4236/ 
ojots.2012.22002. Published Online May 2012. https://www.SciRP.org/journal/ojots. 

53. Fabian MA, Herrin MK, Baxter J, Ackermann JR. Extension of the right renal vein in 
cadaveric renal transplants with use of the vena cava and the TA-30 V3 surgical stapler. Surg 
Gynecol Obstet. 1991;173(3):233-4. PMID: 1925888. 

54. Santangelo M, Spinosa G, Grassia S, Clemente M, Caggiano M, Pelosio L, Scotti A, 
Tammaro V, Nappi R, Di Capua F, Renda A. In situ elongation patch in right kidney 
transplantation. Transplant Proc. 2008;40(6):1871-—2. https://doi.org/10.1016/j.transproceed. 
2008.05.019. PMID. 

55. Taylor RJ, Hakala TR, Rosenthal JT. Use of vena cava to extend the right renal vein in 
cadaveric transplants. Surg Gynecol Obstet. 1985;160(3):279-80. PMID: 3883553. 

56. Kumar A, Gupta RS, Srivastava A, Bansal P. Sequential anastomosis of accessory renal artery 
to inferior epigastric artery in the management of multiple arteries in live related renal 
transplantation: a critical appraisal. Clin Transplant. 2001;15:131-5. PubMed. 

57. Chin JL. Vena cava extension of right renal vein for cadaveric renal transplants. J Urol. 
1988;139:552-3. 

58. He B, Mitchell A. A novel technique for reconstruction of multiple renal arteries in live donor 
kidney transplantation: a case report and literature review. Transplant Proc. 2012;44 
(10):3055-8. The gonadal vein can be used as a Carrel patch for multiple renal artery 
reconstruction, in particular, for more than two renal arteries. This technique provides a new 
approach for the reconstruction of multiple renal arteries in living donor kidney 
transplantations. 

59. Chopin DK, Popov Z, Abbou CC, Auvert JM. Use of vena cava to obtain additional length for 
the right renal vein during transplantation of cadaveric kidneys. J Urol. 1989;141:1143-4. 

60. Yatawatta A. Vascular reconstruction in kidney transplantation. Clin Surg. 2017:1-3. 

61. Panwar P, Bansal D, Maheshwari R, Chaturvedi S, Desai P, Kumar A. Management of donor 
kidneys with double renal arteries with significant luminal discrepancy: a retrospective cohort 
study. Indian J Urol. 2020;36(3):200-4. 

62. Pan G, Chen Z, Liao D, Fang J, Li G. The application of the iliac artery in the ex vivo 
reconstruction of renal arteries in renal transplantation. Transplantation. 2010;89(9):1113-6. 
https://doi.org/10.1097/TP.0b013e3181d54b8e. Retraction in: Transplantation. 2019;103(8): 
1736. PMID: 20179665. 

63. Pal DK, Sanki PK, Roy S. Analysis of outcome of end-to-end and end-to-side internal iliac 
artery anastomosis in renal transplantation: Our initial experience with a case series. Urol 
Ann. 2017;9(2):166-9. https://doi.org/10.4103/0974-7796.204176. 

64. Daowd R, Al AA. Renal artery anastomosis to internal or external iliac artery in kidney 
transplant patients. Saudi J Kidney Dis Transpl. 2015;26:1009-12. 

65. Fechner G, von Pezold C, Hauser S, Gerhardt T, Klehr HU, Müller SC. Impairment of 
long-term graft function after kidney transplantation by intraoperative vascular complications. 
Int Urol Nephrol. 2008;40:869-73. 

66. Rayt HS, Bown MJ, Lambert KV, Fishwick NG, McCarthy MJ, London NJ, et al. Buttock 
claudication and erectile dysfunction after internal iliac artery embolization in patients prior to 
endovascular aortic aneurysm repair. Cardiovasc Intervent Radiol. 2008;31:728-34. 

67. Mohamed IH, Bagul A, Doughman T, Nicholson ML. Use of internal iliac artery as a 
side-to-end anastomosis in renal transplantation. Ann R Coll Surg Engl. 2012;94:e36-7. 

68. Tzakis AG, Mazzaferro V, Pan CE, Gordon RD, Todo S, Makowka L, Starzl TE. Renal artery 
reconstruction for harvesting injuries in kidney transplantation with particular reference to the 
use of vascular allografts. Transplant Int Official J Eur Soc Organ Transplant. 1988;1(2):80-S. 

69. Dean RH, Meacham PW, Weaver FA. Ex vivo renal artery reconstructions: indications and 
techniques. J Vasc Surg. 1986;4:546-52. 


References 269 


70. 


71. 


72. 


73. 


74. 


Ws 


76. 


dls 


Deterling RA, Claus RH. Long term fate of aortic and arterial homograft’s. J Cardiovasc Surg. 
1970;11:35-43. 

Sterioff S Jr, Zachary JB, Williams GM. Dacron vascular grafts in renal transplant patients. 
Am J Surg. 1974;127:525-8. 

Lacombe M. Surgical techniques in renal transplantation. In: Hamburger J, Crosuier J, 
Bach JF, Kreis H, editors. Renal transplantation: theory and practice, 2nd ed. Baltimore: 
Williams & Wilkins;1981. p. 325-7. 

Novick AC, Magnusson M, Braun WE. Multiple-artery renal transplantation: emphasis on 
extracorporeal methods of donor arterial reconstruction. J Urol. 1979;122:731-5. 

Vincenzi P, Gonzalez J, Guerra G, Gaynor JJ, Alvarez A, Ciancio G. Complex 
surgicalreconstruction of upper pole artery in living-donor kidney transplantation. Ann 
Transplant.2021;26:e926850. https://doi.org/10.12659/AOT.926850. 

Zorgdrager M, Krikke C, Hofker SH, et al. Multiple renal arteries in kidney transplantation: A 
systematic review and meta-analysis. Ann Transplant. 2016;21:469-77. 

Hiramitsu T, Okada M, Futamura K, et al. Impact of grafting using thin upper pole artery 
ligation on living-donor adult kidney transplantation. Medicine (Baltimore). 2016;95(42): 
e5188. 

Lejay A, Thaveau F, Caillard S, Georg Y, Moulin B, Wolf P, et al. How can a vascular 
surgeon help in kidney transplantation. J Cardiovasc Surg. 2017;58:351-9. https://doi.org/10. 
23736/S0021-9509.16.09808-6. 


Further Reading 


78. 
79. 


80. 


81. 


Manuals hypothermic machine perfusions: 

A. LifePort Kidney Transporter 1.1 Operator’s Manual: https://4fetz713pluS3drexe2d10ht- 
wpengine.netdna-ssl.com/wp-content/uploads/2020/10/755-00002-Rev-P-LKT101- 
Operators-Manual.pdf. 

B. Kidney Assist—Stark Medical Empower the Healer: https://www.starkmed.com.au/pages/ 
kidney-assist-organ-perfusion-system. 

C. Bridge to Life: https://bridgetolife.eu/wp-content/uploads/english-4088-eu-belzer-mps-ifu- 
070820.pdf. 


Chapter 4 A 
Kidney Transplant Surgery Techniques gaie 


4.1 Patient Position on the Operating Table 


4.1.1 The Position of the Patient on the Operating 
Table and “Time Out” 


The patient is placed on the operating table in a supine position with his or her arms 
placed at a 90-degree angle to the body (Fig. 4.1). The arms rest on specially 
designed supports. To prevent any kind of upper limb injuries during transplanta- 
tion and to protect the hemodialysis access much padding is used. After safely 
positioning the patient all members of the operation team cease their activity and 
maintain a zone of silence during which the patient’s safety is protected and con- 
firmed [1—4]. 


Warning! (Time out:maintaining high patient safety in the operating room) 
Participation in the patient’s safety is one concrete expression of a foundational 
principle of medical ethics: first, do no harm—primum non nocere. Being an 
ethical professional requires taking action to prevent harm to patients in health 
care environments. Checklists and time outs have become common patient 
safety tools in the USA and other nations [5].The “time out” is carried out after the 
kidney’s recipient is placed on the operating table prior to general anesthesia. An 
optimal time out includes the following elements: (a) patient verification using two 
identifiers and in the presence of the patient himself; (b) together with the patient’s 
verification of correct procedure, correct sites, correct position, (c) verification 
equipment is available including relevant images and scans displayed; (d) allergies, 
if any; (e) antibiotics: name, time and dose administrated and/or to be administered; 
(f) safety precautions based on fire, hazards, patient’s history or medication use 
[1-5]. 
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Fig. 4.1 Placing a patient on an operating table before a kidney transplant 


4.1.2 General Anesthesia and the Last Time the Patient Is 
Repositioned on the Operating Table (Depending 
on the Surgeon) 


As a tule, general anesthesia is inducted. Depending on the general condition of the 
kidney’s recipient one central venue catheter and one arterial line are inserted. The 
patient is being intubated, completely sedated and moved downwards on the 
operating table so that his/her feet are approximately 10 cm in front of the end of 
the table. Such a patient’s positioning will provide the surgeon with excellent access 
to the retroperitoneal space, iliac vessels and provides maximum use of blades of 
the abdominal surgical retractor type: Bookwalter, Thomson or Omnitrac [6-8]. 


4.2 Urinary Bladder Catheter Placement and Its 
Availability During the Operation 


The bladder catheter is inserted and then extended towards the patient’s feet with a 
sterile silicon drain. This Foley catheter “elongation” drain must be long enough to 
run between the legs of the recipient, where it is attached to one of his/her legs in an 
atraumatic way. The idea is that everyone in the operating theatre, if necessary, has 
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access to the urinary bladder at any time of the operation. During the operation, the 
entire system is connected at the end to the urine collecting bag. After the kidney 
reperfusion when the urinary bladder needs to be filled, the circulating nurse dis- 
connects the urimeter linked to the drain and connects it directly to the end of a new 
drain attached to the scrub nurse’s table. All bladder filling is carried out under the 
control and close supervision of the surgeon. During the filling of the urinary 
bladder, the surgeon has to control the degree of filling at all times with his/her hand 
in order to avoid causing a urinary bladder musosa injury and/or rupture. After the 
bladder is filled, the drain is closed with the clamp—but only at the sole request of 
the surgeon. After a ureter-bladder anastomosis, the urinary bladder is sometimes 
gently cleaned with warm Ringer’s solution. The sterile drain under the operating 
table is disconnected from the scrub nurse’s side and connected back to the urine 
collection bag (urimeter). The entire system of “silicone tube extensions” of the 
urinary-bladder catheter inserted into the bladder must be safe for the patient and 
tight enough to prevent leakage of urine or the fluid that fills the bladder during the 
transplant surgery (Figs. 4.2 and 4.3) [9-12]. 


Fig. 4.2 Extension of the urinary bladder catheter inserted into the bladder with a silicone drain. 
1—Urinary catheter, 2—Connector between the silicone tube and the catheter placed in the urinary 
bladder, 3—Silicone tube as an extension of the urinary catheter ends in a urimeter 
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Fig. 4.3 1 and 2—Silicone drain connected with a catheter inserted into the urinary bladder, 2— 
Silicone drain connecting the urinary catheter with the urine bag, 3—One of the silicon tubes used 
for system lengthening, 4—Urine bag outside the operating table 


Warning! (Urinary bladder catheter—using it during surgery:options) 

In a few sentences, I will describe the most important ways of dealing with the 
urinary bladder after the insertion of a urinary catheter that I have encountered in 
the literature. 


At the beginning of the operation, after bladder catheter insertion: 


1. the bladder is flushed continuously from the beginning of the surgery, e.g. with 
sterile saline (a two-channel bladder catheter) until it is completed; 

2. the bladder is continuously rinsed with a mixture of physiological salt and 
gentamycin (a two-channel bladder catheter) until surgery is completed; 

3. do not rinse the bladder like a bladder—in this case the bladder is filled with 
sterile saline solution on the request of the surgeon, after the kidney reperfusion, 
but before the ureter implantation, to locate the urinary bladder [1—4]. 
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Warning! 


A. After opening the contents of the bladder, a bacteriological culture (examina- 
tion) should be taken. 

B. It is believed that the perioperative intravenous administration of antibiotics 
protects the patient much more against the development of urinary tract in- 
fections after surgery. According to other authors, a local continuous bladder 
flushing with a physiologic sterile salt solution or a mixture of sterile physio- 
logic saline solution and antibiotic is not a goal because it does not fully prevent 
urinary tract infections (dual-channel urinary catheter). 

C. If there are bloody contents from the bladder or blood-stained urine after 
transplantation, bladder irrigation may be continued for several days after 
surgery until all blood clots and blood are flushed out of the urinary bladder and 
the urine is clear (dual-channel urinary catheter). 

D. Another option before transplantation is to inject 400—600 ml sterile solution 
into the urinary bladder, and to close its outflow with a clamp. In my opinion, 
this is—mainly for kidney recipients with a small bladder—not a recommended 
method. The reason for this is that the surgeon is confronted during the entire 
operation with a distended urinary bladder which reduces the area of the 
operating field which makes the transplant difficult [1—4, 9-12]. 


4.3 Cleaning and Sterile Draping of the Operating Field 


4.3.1 Patient Preparation Before Operation 


The patient should take a bath and wash the operation site and the area surrounding 
it with soap and water. 


4.3.2 Skin: Operating Room 


Prepare the skin with an antiseptic solution, starting in the center and moving out to 
the periphery. After disinfecting the surgical field, it is necessary to wait at least two 
minutes to keep the surgical site dry (before applying a check one more time to 
ensure that the patient is not allergic to any of the agents). 
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Fig. 4.4 Disposable operating field draping materials, 1—Upper right anterior superior iliac spine, 
2—Pubic bone, 3—Umbilicus level, 4—Adhesive foil, H—Head, L—Legs, R—Right side, L 
Left side 


4.3.3 Draping: Operating Room 


Do not place drapes on the patient until you are scrubbed, gowned and gloved. Leave 
only the operative field and those areas necessary for the maintenance of anesthesia 
uncovered. The surgical field is covered in a standard manner and as a rule with the 
use of disposable sheets. Self-adhesive sterile foil is applied over the previously 
disinfected and shaved skin to prevent wound infections (Fig. 4.4), [13, 14]. 


4.4 Choice of Surgical Access for Kidney Transplantation 
(Most Common Incisions) 


4.4.1 Hockey Stick Incision 


The hockey stick approach (pararectal incision) has been advocated for renal 
transplantation in children because it yields excellent access to the iliac vessels and 
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inferior vena cava, in the case of intraperitoneal transplantation and in other surgical 
options [15]. In recent years the incision, due to its simplicity and good access to 
the extraperitoneal space, is also gaining ground in kidney transplantation in adults. 

The pararectal incision consists of cutting both sheaths of the abdominal rectus 
muscle just next to its the lateral border and the medial muscle offset. Nowadays the 
hockey stick incision is probably the most common one (Fig. 4.5). The line of 
incision is determined in the following way: from the navel, a continuous line is 
drawn to the anterior superior iliac spine, and then one-third of the distance between 
the anterior superior iliac spike and the navel is determined—this is the lateral edge 
of the abdominal rectus muscle. The incision is then made about 5-10 mm medially 
from the predetermined line to the bottom, two fingers above the pubic junction. 
The incision is finished at the level of the pubic junction, before or just outside it, 
depending on the patient’s height and weight. The length of the incision depends on 
the size of recipient, how big the kidney is, the intensity and distribution of arte- 
riosclerosis of the iliac vessels, and the length and quantity of the renal vessels. We 
can start the incision at different levels. The maximal length of this incision can be 
extended between the rib arch until or beyond the pubic bone. As a rule, the incision 
starts 1-2 cm below the level of the umbilicus, continues obliquely to the pubic 


Fig. 4.5 Operating field limited to the right lower abdomen. 1—Arcuate line, 2—Upper right 
anterior superior iliac spine, 3—Linea semilunaris: lateral border of the rectal muscle 
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Fig. 4.6 Incision in the shape of a hockey stick next to the abdominal rectus muscle. Cut the skin 
and subcutaneous tissue. 1—Skin, 2—Subcutaneous tissue, 3—Anterior abdominal rectus muscle 
sheath 


symphysis and about two fingers above it. The incision is very safe and it can start 
below the arcuate line which occurs at about half the distance from the umbilicus to 
the pubic crest though this varies from person to person. It should be remembered 
that below the arcuate line the aponeuroses of all three muscles (including the 
transversus) pass in front of the rectus. The posterior wall of the rectus abdominal 
muscle below the arcuate line is separated from the abdominal cavity only by the 
parietal peritoneum. Above the arcuate line, the rectus muscle has an anterior and 
posterior sheath to which the parietal peritoneum is “glued”. 

To reach the peritoneum you have to incise the skin and the subcutaneous tissue 
(Fig. 4.6) 0.5-1.0 cm medially from the lateral edge of the rectal muscle at a 
distance of 5—6 cm from the anterior rectus abdominus sheath (Fig. 4.7). After 5— 
6 cm of opening the anterior rectus abdominus sheath, separate the anterior surface 
of the rectus muscle from the posterior side of the anterior sheath and pull it up and 
outside with two forceps in order to check whether you have properly opened the 
anterior rectus abdominal sheath or not. If you are inside, extend the incision 
downwards and upwards depending on the patient’s weight and height, how high or 
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Fig. 4.7 1—The medially incised anterior sheath of the rectus abdominal, 2—Abdominal rectus 
muscle: lateral part, 3—Subcutaneous tissue 


Fig. 4.8 1—Dissected inferior epigastric artery and vein 2—Rectus abdominal muscle, 3— 
Incised anterior sheath of rectus abdominal, 4—Peritoneum 
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low you want to go and as to whether you are forced to perform a vascular 
anastomosis. The location of the vascular anastomosis may be determined by: the 
stage of the iliac vessel’s atherosclerosis; earlier vascular operations; by placing 
vascular devices, for example vascular stents; the length of the renal vessels; or the 
ureter (a short ureter forces us to transplant the kidney as low as possible and 
perform anastomosis with the external iliac vessels or to perform “end to end” or 
“end to side” anastomosis between the donor’s kidney ureter and the ureter of the 
kidney recipient). The next step to reach the extraperitoneal space is to coagulate 
and cut the small vessels and nerves that run on the anterior side of the posterior 
sheath of the rectus abdominal above the arcuate line. Below the arcuate line, the 
posterior wall of the rectus abdominal directly contacts the parietal peritoneum. 
Ligate the inferior epigastric artery and the vein (the artery arises from the external 
iliac artery), which gives very good access to the urinary bladder, the external iliac 
vessels and the lower retroperitoneal space. Perform a blunt dissection of the 
peritoneum by using electrocoagulation and different surgical instruments such as 
your own fingers, forceps and/or a small gauze swab in a holder. Try to very gently 
detach the parietal peritoneum from the abdominal wall and retroperitoneum space 
and sweep it medially. The round ligament in women or the spermatic cord in men, 
the iliac vessels and 50% of the surface of the urinary bladder have to be free. After 
preparation, put around the round ligament or spermatic cord, the vessel loop and 


Fig. 4.9 Detachment of the parietal peritoneum. 1—Rectus abdominal muscle, 2—Posterior 
sheath of the rectus abdominal muscle, 3—External oblique abdominal muscle tendon, 4— 
Subcutaneous tissue, 5—Retroperitoneal space, 6—Argon-beamer coagulation 
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fix it with a clamp. Then if necessary detach the parietal peritoneum from the 
posterior sheath of the rectus abdominal muscle upwards (Fig. 4.8). The posterior 
sheath of the rectus muscle is cut along the muscle with coagulation (Fig. 4.9). 
Detach the parietal peritoneum from the retroperitoneal space, revealing in turn the 
lumbar muscles, the inferior vena cava (IVC) (right side)and the common iliac and 
external vessels on the side of the graft [1-4, 14, 15]. 


Warning! (Do not ligate—use if necessary the inferior epigastric artery for the 
reconstruction): inferior 
epigastric artery 


With each side incision for kidney transplantation, you always will be confronted 
with an inferior epigastric artery and the vein in the bladder area. Here everyone is 
asking themselves if it is needed, how and for what purpose it can be used, whether 
it can be cut and tied up or left uninjured. 

In human anatomy, the inferior epigastric artery refers to the artery that arises 
from the external iliac artery and anastomoses with the superior epigastric artery. 
Along its course, it is accompanied by a similarly named vein, the inferior epi- 
gastric vein. The inferior epigastric artery gives off several side branches: the pubic 
branch, cremasteric artery (for males) and the artery of the round ligament of the 
uterus (for females). There is also an anastomosis formed between the inferior 
epigastric artery and the superior epigastric artery (from the internal thoracic artery). 
The inferior epigastric artery supplies blood to the muscles of the anterior 
abdominal wall, such as the rectus abdominal muscle and to the deep abdominal 
wall of the pubic and the lower umbilical regions. 

If the diameter of the artery exceeds 2.5-3.0 mm, and the artery is not badly 
altered by atherosclerotic changes and has good blood flow and pulsation, we can 
use it—if necessary—to reconstruct, for example, a damaged accessory the renal 
artery running to the lower pole of the kidney. If we are going to use the inferior 
epigastric artery to reconstruct aberrant renal artery supplying inferior pole of the 
kidney. Let me tell you step by step what is important in its preparation for 
end-to-end anastomosis with the renal artery: The inferior epigastric artery can be 
identified midway between the anterior superior iliac spine and the pubic symphysis 
on its way to the umbilicus. The first step is to identify the inferior epigastric artery, 
separate it from the vein and ligate its small branches. It is important to dissect the 
artery as long as possible (on page 255, Fig. 4.8 shows a picture of the dissected 
inferior epigastric artery).Then ligate the artery close to the edge of the rectus 
abdominis muscle. Do not cut the ligature. Tighten the artery by pulling on the ends 
of the uncut garter, and make an incision 0.5-1.0 cm from the garter, halfway 
through the lumen of the vessel, using microsurgical scissors. The administration of 
papaverine in particular dilates the artery and widens its lumen. Once the vessel has 
been flushed and the blood drained, the artery is cut completely. Cutting the artery to 
half its lumen makes it much easier to cannulate and prevents damage to the artery 
during cannulation. May be perhaps this method of dealing with the inferior epi- 
gastric artery seems incomprehensible, but it must be remembered that the diameter 
of this artery is not always sufficient for anastomosis with the additional renal artery 
to reach the inferior pole of the kidney. The inferior epigastric artery may undergo 
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atherosclerotic changes, when the flow from it to the lower pole of the kidney will 
not be sufficient. It should also be remembered that during qualification and 
examination of the recipient before transplantation, no examination of the recipient 
is ever assessed in terms of patency, diameter and atherosclerotic changes present in 
the inferior epigastric artery. The anastomosis with the epigastric artery is one of the 
technical solutions which, in order to perform it, two conditions must be met: the 
epigastric artery should be of the same diameter or larger than the diameter of the 
additional renal artery; and it should have a very good blood flow as we cannot 
perform anastomosis with the iliac artery. The usefulness of the inferior epigastric 
artery must be assessed at the time of surgery. What is the easiest way to do this if we 
want to use it for an anastomosis? Well, you have to dissect it very carefully, ligate it 
branches (if it has them), and ligate it at the rectus abdominal muscle to keep its as 
long as possible. The outflow or inflow of blood from the artery should be checked 
by cutting its lumen in half close to the rectus abdominal muscle before closing it 
with a tiny microsurgical bulldog vascular clamp. After releasing the bulldog, we 
observe the flow of blood from the artery: if it is good and the artery is usable, we 
rinse it with a 0.9% NaCl saline solution with heparin and close it with the bulldog, 
and then cut the artery completely. Due to its diameter, cannulating an artery and 
flushing it is much easier when its diameter is only incised; however it is not 
completely cut and the artery is still in contact with the remaining tissues from the 
side of the rectus abdominal muscle. I am an advocate of the following treatment of 
epigastric vessels: if I do not use the inferior epigastric artery to reconstruct the renal 
vessel I cut it and ligate it. If the epigastric inferior vessels are not suitable for 


Fig. 4.10 Above arcuate line. Cutting the posterior sheath of the rectus abdominal muscle. 1— 
Argon coagulation, 2—The posterior sheath of the rectus muscle, located above the arcuate line 
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Fig. 4.11 Installation of a professional abdominal retractor during kidney transplantation. 1, 2, 3, 
4—Different blades of the professional abdominal retractor, 5—Right psoas major muscle: 
retroperitoneum, 6—Spermatic cord with a vessel loop around them 


anastomosis, in my opinion it should also be cut and tied from both sides. This gives 
you much better access to the bladder and eliminates one more factor that may be 
responsible for any ureteral strictures that may develop in the post-operative period. 
In the recipient’s kidney transplantation with multiple arteries, anastomosis of the 
lower pole artery to the inferior epigastric artery after declamping avoids prolon- 
gation of warm ischemia time that occurs with other surgical and microsurgical 
techniques of intracorporeal and ex vivo surgeries [16, 17]. Install a professional 
abdominal retractor (Fig. 4.11). The surgeon should avoid entering the peritoneal 
space and any defect in the peritoneum should be repaired before continuing the 
incision or after kidney transplantation. 


Warning! (Round ligament of the uterus—ligamentum rotundum—ligamen- 
tum teres uteri) 


When exposing the retroperitoneal space, try always in every case—if possible—to 
keep the round ligament whole and do not cut it through, especially in young 
women. A complete ligament transection may be responsible for future urine 
instability and could be manifested by discomfort or pain in the abdominal cavity. 
Try also, of course, if it is possible, to save the ligament in women who are 
planning to become pregnant in the future. Cut the round ligament of the uterus 
only if it is necessary, for example during a difficult reoperation or urological 
complications related to the urinary bladder and/or ureter and/or in women over 60 
who have no intention of becoming pregnant. 
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There is no recommendation to cut the spermatic cord as this may lead to 
testicular necrosis or infertility. During a kidney transplantation the spermatic cord 
is simply retracted medially by releasing the border of the inguinal canal. 


4.4.2 Oblique Incision (Gibson Incision—Gibson Cut) 


An oblique or curvilinear Gibson incision is made on the side of the implantation, in 
the lower quadrant beginning almost in the midline extending upward in parallel 
with the inguinal ligament. The external oblique muscle and fascia are then divided. 
To expose the peritoneum, the internal oblique and transverse muscles are divided 
or the confluence of the oblique muscles and the rectal sheath is divided medially. It 
is a small incision (15-17 cm) ending at the lateral edge of the rectus abdominal 
muscle, running parallel to the inguinal ligament (Fig. 4.12). The Gibson incision 
starts at the pubic tubercule and continues laterally transverse to the inguinal 
ligament and then upwards in a curvilinear manner in the lateral border of the rectus 
abdominal muscle up to 1-2 cm above the level of the umbilicus. In larger adults 
extension up to the anterior superior iliac spine may be enough. This incision is 
performed in slim kidney recipients. The retroperitoneal space is reached in the 
same way as when making a pararectal incision under the arcuate line by cutting the 
two anterior rectus sheaths. This incision is used in kidney transplants in slim 
people, without any vascular anomalies, and also in kidney recipients with a very 
advanced atherosclerosis in the common iliac region. The peritoneum is swept 


Fig. 4.12 Transversal cut (Gibson incision) running parallel to the inguinal ligament and 1—ending 
at the lateral edge of the rectus abdominal muscle, 2—Upper right anterior superior iliac spine 
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upwards to expose the iliac vascular system. Lymphatics over these vessels may be 
ligated to prevent the formation of a lymphocele [1—4]. Nani et al. compared the 
oblique incision with the hockey stick incision and the conclusion in their article 
was that the scar of 20% of the patients with the hockey stick incisions had widened 
— particularly in the upper vertical branch of the J incision. The article concludes 
that the final outcome of the oblique surgical incision was better than the hockey 
stick incision because of the lower incidence of hernia and abdominal wall relax- 
ation and the more favorable cosmetic results [15]. 


4.4.3 Horizontal Incision Lengths of 10-12 cm for Use 
in Young Slim Recipients 


With the advent of minimally invasive surgery, surgeons are driven to minimize or 
modify the incisions. A transverse suprapubic incision is a popular incision owing 
to its excellent cosmetic effect and decreased morbidity. Most of the open gyne- 
cological procedures are performed by this route. Urological procedures (such as 
radical prostatectomy) have also been performed through this incision [20-22]. 
This incision begins below the anterior superior iliac spine, then crosses the 
midline as far as the pubic symphysis (Fig. 4.13). The incision is modified in such a 


ei 


Fig. 4.13 10-12 cm long transverse incision used in young slim women and 1—Upper right 
anterior superior iliac spine, 2—Incision below upper right anterior superior iliac spine running 
right above the inguinal ligament, extending to the midline and ending at the level symphysis pubis 
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manner that two-thirds of the incision fall on the side of the graft placement. The 
incision in the skin is deepened through the subcutaneous fat, Scarpa’s fascia and 
the anterior rectus sheath. The anterior rectus sheath is incised in the line of the 
incision. Rectus sheath flaps are raised superiorly and inferiorly up to the umbilicus 
and pubic symphysis, respectively. The rectus muscles are separated by the midline. 
For adequate exposure, the inferior flap of the rectus muscle can be divided by the 
midline, up to the superior border of the pubic symphysis. The underlying fascia 
transversalis is incised, and the inferior epigastric vessels are ligated and divided. 
The round ligament, if necessary, is ligated in females; the vas deferens is dissected 
and retracted medially. If required, further mobilization of the vas deferens is 
achieved by dividing the obliterated umbilical artery. The peritoneum and bladder 
are now swept super-laterally to expose the external iliac vessels. By sweeping the 
peritoneum cephalad, a space is created in the right or left iliac fossa to accom- 
modate the kidney [23]. This incision is used in simple kidney transplants in very 
slim people, without any vascular anomalies, and in kidney recipients with very 
advanced atherosclerosis in the common iliac region [23]. 


4.4.4 Classic Incision: Rutherford Morison Incision 


This incision begins 2 cm or two fingers above the anterior superior iliac spine—its 
length depends on the height and weight of the recipient kidney and how high we 
want or can perform renal vascular anastomosis (Fig. 4.14). The incision continues 
down to the pubic tubercle. A 20-cm extraperitoneal Rutherford Morison incision is 
made. The anterior rectus sheath, not the rectus muscle, is cut, and the inferior 
epigastric vessels are divided between silk ligatures. A long stump of the inferior 
epigastric artery is preserved if it will be necessary to make a separate anastomosis 
to the lower pole renal artery. The spermatic cord is preserved and retracted 
medially. In women, the round ligament is divided between heavy silk ligatures. 
The iliac fossa and retroperitoneal space are developed until the lateral surface of 
the bladder and the ipsilateral sacral promontory are exposed. The Bookwalter or 
another professional abdominal retractor is placed. The inconvenience of this 
incision is the need to cut the transverse muscles and their fascia, which increases 
the risk of bleeding into the wound and/or around the kidney, especially in patients 
whose kidneys are not working properly immediately after transplantation and the 
patient must undergo dialysis. It should be remembered that every patient treated 
with hemodialysis receives heparin which prevents the formation of clots inside the 
drains of the artificial kidney which may make the patient more prone to bleeding 
from the wound, retropertoneal space or transplanted kidney. Low molecular 
weight heparin (LMWH) is excreted by the kidneys—if the kidney does not 
function, LMWH can accumulate in the recipient’s body, which increases the risk 
of bleeding from the abdominal wall muscles, the kidney itself or vascular anas- 
tomoses [1—4, 24]. 


4.4 Choice of Surgical Access for Kidney Transplantation (Most Common Incisions) 287 


Fig. 4.14 Classic oblique incision, one of the first incisions. |—Starts above the anterior superior 
iliac spine and runs obliquely, ending above the tubercle of the pubic bone, 2—Tubercle of the 
pubic bone area as a point of attachment for the medial aspect of the inguinal ligament 


Warning! (I have pain after the kidney transplantation!) 
The patient’s satisfaction and mortality as well as the graft function are not influ- 
enced by the incision length. With the patient and graft safety being paramount, 
especially in times of organ shortage, the incision length should reflect the 
requirement for a successful transplantation and not be a measure of feasibility [18]. 
The incidence and impact of chronic inguinal pain after kidney transplantation is 
not clearly established. Chronic inguinal neuropathic pain after kidney transplan- 
tation is common and seems to have a similar etiology as observed in inguinal 
hernia repair. Detection of the inguinal nerves is advised after hernia repair and 
leads to a decrease in chronic pain and an improvement of the quality of life. The 
same approach may be considered during kidney transplantation, although it is 
unclear whether the same positive effects are obtained. Zorgdrager et al.’s study 
aims to increase awareness among kidney transplantation surgeons to properly 
inform the kidney recipient, especially the obese patients, about the risk of chronic 
pain and to consider appropriate measures [19]. 
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4.4.5 Midline Incision 


An incision that follows the linea alba (almost a avascular structure) to access most 
of the abdominal viscera is performed in a wide variety of abdominal surgeries, 
including emergency procedures, as this incision causes minimal blood loss; the 
downside is a susceptibility to significant scars. It is a very safe incision (Fig. 4.15), 
used in the massive calcification of the iliac vessels on the sides, as well as in the 
next, usually third, kidney transplant in the following situations: 


— simultaneous pancreas and kidney transplantation (intraperitoneally). 

— liver and kidney transplantation (intraperitoneally). 

— if there are old renal transplants on both sides and one of the transplanted 
kidneys has to be replaced with a new one. 

— in patients after pancreas and kidney transplantation, when the kidney is not 
working and must be replaced with a new organ; or the new kidney, if there is 
enough space, is to be grafted on the right or left side to an existing kidney. 

— both procured kidneys must be transplanted on both sides of the abdomen. 

— if the patient has advanced atherosclerosis on both sides, and based on the tests 
performed, we cannot decide on which side we want to transplant the kidney. 
After opening the abdominal cavity from the midline incision, by palpating, we 
can carefully assess the iliac arteries from the aorta to the inguinal ligament on 
both sides and choose the best place or places for aretrial anastomosis. 

— reoperation in the case of ureteral necrosis, when we want to connect the ureter of 
the transplanted kidney with the recipient’s own ureter lying on the opposite side. 


Fig. 4.15 1—Middle line incision 
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— if connecting the ureter with the intestine (ureteroenteric anastomosis but also 


revision of this anastomosis due to stricture, closure or necrosis of the ureter). 


— surgical treatment of some laparoscopically untreatable lymphocele [1—4]. 


4.5 Installation of a Professional Abdominal Retractor 


4.5.1 Introduction 


Nowadays, there are thee professional abdominal retractors being used worldwide 
for kidney transplantation: OmniTrack from OmniTrack Surgical, Thompson from 
Thompson Surgical Inc., and Bookwalter from Symmetry Surgical Acquired O.R, 
Company. They have one common feature which is based on independently 
working arms and full mobility of individual parts which allow it to be adapted to 
any type of operation field. A professional abdominal retractor, although expensive, 
provides great comfort to the surgeon in the form of a stable, clear operating field, 
allowing large operations to be performed safely, significantly reducing the number 
of intra- and post-operative complications. 


4.5.2 Installation Step by Step 


— 


. In most kidney transplant procedures, I used OmniTrac which generally consists 


of a sterile field post, standard wishbone frame, extension arm, blade holders, 
clamps, retractors, many sizes and shapes of blades, all which adapt to the 
surgical field during the operation. We need to assembling them in such a way 
that the surgical field is as stable as possible, i.e. to give the surgeon the greatest 
possible comfort (Fig. 4.16). 


. After shaving, scrubbing and covering the recipient’s abdomen with sterile 


operating sheets and incision drapes, one of the above mentioned kidney 
transplantation incisions is made when the extraperitoneal space is reached. 
After that, a professional abdominal retractor is installed. 


(a) determine the location of the Omni-Clamp Sterile Field Post (vertical post) 
Fig. 4.16 relative to the surgical field. Place the post on the O.R. table rail 
over the sterile drape. Rotate the knob (the first from the top on a vertical 
post) clockwise to secure it to the table, 10-15 cm above the upper pole of 
the incision or at the level of the xiphoid process. 

(b) adjust the wishbone (arms) of the Fast System Frame to the post and secure 
it. The arms of the wishbone have to be spread for the distance we want 
from the wound secured and turned towards the recipient’s legs. 

(c) the wound is expanded in different directions to obtain a very good view of 
the structures prepared (iliac and lymphatic vessels, urinary bladder) in the 
extraperitoneal space. 
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Fig. 4.16 Abdominal retractor type Omni-Trac, 1—Vertical part (Sterile Field Post) attached to 


the 
that 


operating table, 2—Horizontal part attached to the vertical part, 3 and 4—two movable arms 
can be freely moved apart and to approach each other, S—Lock securing retractor arms in any 


position 


4.5.3 My Personal Settings of Retractors and Blades 


on the Wishbone Frame 


During a kidney transplantation I use four to five abdominal wall tissue and vessel 
retractors with different blades: 


the first rounded retractor pulls the abdominal wall outside (Fig. 4.17—No. 1). 
the second retractor is placed along the long axis of the common iliac artery, 1— 
2 cm above it, and I move the peritoneal contents away until the abdominal 
aorta bifurcation is visible. (Attention! The retractor has to be placed in such a 
way that it does not compress or even touch any artery or vein during the entire 
operation). (Fig. 4.17—No. 2). 

the third retractor with the long blade is used to move the intestines upward 
towards the liver and further expose the upper iliac fossa, especially the lumbar 
muscle, on which in most cases the kidney transplant is placed (Fig. 4.17— 
No. 3). 

the fourth retractor has long or short blade which is wide or narrow, depending 
on the recipient’s weight and height; its task is to move the contents of the 
peritoneal sac to the middle of the abdominal cavity in order to give a very good 
exposure to the artery and the internal and external iliac vein on the left, and to 
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Fig. 4.17 Omni-Trac in kidney transplant operation. 1—The first semicircular blade is responsible 
for pulling outside the abdominal wall, 2—The second blade is responsible for pulling the 
abdominal wall together with the peritoneal sac along the long axis of the common iliac artery, 
aorta and its bifurcation, 3—The third blade is used in order to move the abdominal muscles and 
the peritoneum bag with its contents upwards towards the collarbone, 4—The fourth blade is 
responsible for pulling the abdominal wall and the peritoneal bag towards the middle line, and is 
used during the operation to visualize the external and internal iliac vessels, 5—The lock which 
immobilizes the retractor arms, 6—The horizontal arm of the Omni-Trac is attached to the vertical 
post (section), which is attached to the side rails on one or both sides of the OR table, (7)—The 
horizontal arm is connecting using lock system vertical part (post) abdominal retractor. attached to 
the side rails on both sides of the operating table with a lock securing the retractor arms (7) in any 
position, 7—The arms of a professional abdominal retractor stabilized in any position by the 
lock (5) 


the right iliac vessels and the inferior vena cava (IVA) of the lower and final 
abdominal aorta (Fig. 4.17—No. 4). 

— when performing vascular anastomoses, I often use a long, thin retractor called 
the “Renal Vein Swivel Retractor” to gently move back the iliac arteries towards 
the midline of the abdominal cavity which have been dissected from the 
retroperitoneal space. The Renal Vein Swivel Retractor is a very delicate 
retractor which is usually used to gently move the iliac arteries towards the 
body’s midline for good exposure of the iliac veins during venous anastomosis 
(Fig. 4.18). 

— after the anastomosis, in order to visualize the urinary bladder, I use a retractor 
with a semicircular blade which pulls the abdominal wall outside the urinary 
bladder (Fig. 4.19). 
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Fig. 4.18 1—Thin blade or renal vein blade of a professional abdominal retractor; the blade is 
used to gently pull towards the midline the iliac arteries during venous anastomosis, 2—Common, 
internal and external arteries gently pulled to the median line, 3—External iliac artery, 4— 
Common iliac vein—right side, 5—Psoas muscle major 


Fig. 4.19 During uretero-bladder anastomosis, the blades of the abdominal retractor are moved 
towards the urinary bladder. 1—Semicircular blade, 2—Spermatic cord or ligamentum rotundum, 
3—Ureter-urinary bladder anastomosis, 4 and 5—Blades have been placed at the beginning of the 
operation in the upper part of the wound and at this stage of the operation have been replaced 
below to increase the visibility area of ureter-urinary bladder anastomosis, 6—Urinary bladder 
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4.5.4 Iliac Vessel Preparation 


— the gentle prepartion of the right common, internal and external iliac artery and 
vein mainly comes down to a gentle separation of them from each other, the 
surrounding muscles and overlying lymphatic vessels. 

— the lymphatic vessels, which were cut during preparation, have to be ligated or 


coagulated to avoid postoperative lymph leakage (Fig. ). 
— the differences between the anatomical position and the course of the right and 
left iliac vessels I will explain in Sects. and 


Fig. 4.20 Dissected right iliac vessels before kidney transplantation. 1—Common iliac artery, 
2—External iliac artery, 3—Common iliac vein, 4—Inferior vena cava 
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4.6 Kidney Inspected, Packed and Taken to Operating 
Theatre 


The circulating nurse removes the inspected and on the newly packed kidney from 
the transport box (static cold storage). The nurse who removed the kidney from the 
box is responsible for the sterile opening of the first bag (Fig. 4.21) and its sterile 
administration (Fig. 4.22) by the scrub nurse. The scrub nurse’s task is to sterilely 
remove the kidney from the first ‘dry’ bag and place it on the operating table in a 
sterile ice-filled bowl for further sterile unpacking (Fig. 4.23). The final step in 
unpacking the kidney is to completely remove the first (last) bag and place the 
kidney in a bowl of ice and immerse it in cold preservation solution (Fig. 4.24). 

The sterile instrumentation nurse, standing in a sterile position, cuts the sterile 
ribbon that ties the last bag containing the kidney and preservation fluid and then 
the kidney, after removal, is transferred to a special container with ice and than 
poured over with fresh and cold preservation solution (Fig. 4.24). 


Fig. 4.21 The circulating scrub nurse or scrub nurse removes the kidney from the transport box. 
Remember that the first bag from outside is only sterile on the inside. 1—Open the first “dry” bag 
from outside, 2—Transport box 
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Fig. 4.22 The circulating nurse administers the packed kidney in a special way while preserving 
sterility to the sterile dressed scrub nurse for further sterile unpacking and placement in a special 
container of ice and cold preservation solution. 1—One of the methods of preserving sterility when 
donating a kidney for transplantation is to fold up the walls of the bag on the hinge containing the 
kidney packed in the last bag. In a bag the kidney is immersed in a cooled preservation fluid 


Fig. 4.23 Sterile unpacking of the kidney in the operating room. At this point the kidney is only 
packed in one bag and immersed in cold preservation fluid 
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Fig. 4.24 Sterile unpacked kidney placed in a container with ice, and then poured over with cold 
preservation solution. |—Kidney, 2—Chilled conduction fluid, which is poured over the kidney in 
a special box just before transplantation, 3—Ice covered with wet gauze to protect the kidney 
against frostbite 


4.7 Biopsy of the Renal Allograft and of the Transplanted 
Kidney 


4.7.1 Introduction 


Renal biopsy remains the gold standard by which essential diagnostic and prog- 
nostic information is obtained after kidney transplantation. A renal allograft biopsy 
is the gold standard to accurately establish the cause of renal allograft dysfunction. 
Biopsy methodologies have been devised to assess the acceptability of an organ 
before transplantation and to assess and predict renal allograft performance after 
implantation. Renal transplant biopsy samples are analyzed by the same traditional 
and modern techniques as are used to assess samples from native kidney.[25—27]. 


4.7.2 Open Biopsy 


A pretransplant kidney biopsy is used to judge the quality of a deceased donor 
organ at excision and, before transplantation on occasion, to rule out the possibility 
of disease in live donors. 
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The biopsy is performed under sterile conditions during back table or after 
removal of the kidney from the bag, before vascular anastomosis. Usually the 
biopsy is taken from the upper pole of the kidney by use of a sterile surgical scalpel 
(No. 15). An example of the dimensions of the kidney biopsy taken from the tissues 
of the renal parenchyma, by a cone-shaped cut, are 8-10 mm long, 4—6 mm wide, 
and 7-10 mm deep (Fig. 4.25). The excised defect of the kidney parenchyma is 
sewn with a 4/0 or 5/0 absorbable monofilament suture. I personally use half of the 
4/0 absorbable monofilament suture with no needle at the end. The kidney par- 
enchyma defect is closed with two rows of the same suture using the back and forth 
technique (Fig. 4.26). My method is to make the first insertion of a needle about 
2-3 mm before the defect, as I mentioned above I always use half of the suture, and 
at the end of it. I fix it with a very delicate vessel clamp with jaw covers. During 
suturing the cone-shaped cut that occurred as a result of performing a biopsy, the 
surgical suture passes 1-2 mm under the bottom of the defect and is gently pulled 
so that the edges begin to touch each other. The surgical suture used to close the 
renal tissues should not be pulled too strongly and after the completion of suturing 
the suture should not be tied under high tension. If the suture is to be tied under high 
tension during reperfusion, the volume of the kidney will significantly increase and 
instead of closing the biopsy place, surgical suture may cut through the kidney’s 


pe 


Fig. 4.25 Upper pole open kidney biopsy before transplantation. 1—A cone-shaped scalpel cut a 
small piece of kidney parenchyma from the upper pole of the kidney, 2—Surgical scalpel No. 15 
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Fig. 4.26 The defect in the upper pole of the kidney parenchyma is sutured with a continuous 
absorbed suture back and forth, 1—Suturing the kidney biopsy site, 2—Suture 4/0 absorbed 
monofilament 


parenchyma and cause significant bleeding. This biopsy is called a zero biopsy or 
an initial biopsy. This biopsy is very important because it compares every subse- 
quent biopsy taken after transplantation. Performing an open biopsy after a renal 
reperfusion can be dangerous and usually involves considerable bleeding from the 
site where it was taken. If the parenchyma of the kidney is brittle or even normal, 
we have sometimes additional problems with hemostasis, because tying and 
tightening the sutures on already very tense renal tissues often causes the par- 
enchyma to cut through, which only increases the bleeding from the biopsy side. If 
you have trouble stopping the bleeding, I recommend tying a suture on one of the 
topic hemostatic materials, filling the biopsy site (see Sect. 5.2 “Renal Allograft 
Rupture and Surgical Treatment”). The open biopsy is mostly a superficial one. The 
ideal site for it is the upper pole of the kidney (Fig. 4.27). The biopsy can also be 
taken from the posterior surface of the lower pole, but you must remember that the 
arterial blood supply of the ureter and renal pelvis—the “golden triangle’—must 
remain intact and that there is less access in the case of bleeding due to the tissues 
which surround the ureter and renal pelvis [1-4, 25-27]. 
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Fig. 4.27 Picture taken after kidney transplantation. 1—Place where an open kidney biopsy was 
performed and sutured 


4.7.3 Deep Needle Biopsy 


Percutaneous renal biopsy (PRB) is a safe and effective modality for sampling 
kidney tissue. In limited circumstances, alternative methods for kidney biopsy may 
be indicated. Historical contraindications for PRB such as bleeding diathesis, 
morbid obesity and solitary kidney have been called into question in the literature. 

The biopsy can be performed both before and after renal reperfusion, from the 
lower or upper pole of the kidney. The depth of the biopsy can be adjusted. The 
surgeon must take care of his own fingers and hands when performing the biopsy. 
Biopsy after kidney reperfusion is usually accompanied by more bleeding. In the 
case of bleeding and stopping, we can use coagulation, sew the biopsy hole, seal the 
biopsy hole with tissue glue or use superficial hemostatic contact agents. 

You can also use an Argon Beamer or Aquamantys. Indications for kidney 
biopsy are as follows: (1) continuous anuria and oliguria; (2) serum creatinine keeps 
increasing or stabilizes above normal level during regular reexamination; (3) re- 
current and unexplained abnormal renal function; (4) increasing blood pressure or 
persistence of albuminuria and hematuria. A quick description of the kidney biopsy 
will now follow. The patient is lying down in a supine position, so the transplanted 
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kidney can be easily reached. The skin over the biopsy site is disinfected. After that, 
local anesthetics are injected into the skin, through the subcutaneous tissue and 
down to and around the kidney. Under the guidance of a Doppler ultrasound biopsy 
the needle is inserted into a kidney [28-34]. 

The most common complication of the renal biopsy is in most of cases: damage to 
an intrarenal artery (bleeding). The consequence of damage to the artery is a fistula 
between the renal pelvis and the renal vessel leading to transient and sometimes mass 
and/or chronic hematuria; hemorrhage into the abdominal cavity or extraperitoneal 
space and an arterio-venous fistula in the kidney parenchyma leading to a decrease in 
blood filtration capacity and thus an increase in serum creatinine concentration. 
Bleeding may occur in three distinct locations within the kidney: into the collecting 
system, under the renal capsule or into the perinephric space. If the bleeding enters 
the collecting system, blood is seen in the urine and can cause pain and obstruction. 
If the bleeding is subcapsular, it can create enough of a mechanical compressive 
effect onto the kidney to cause hypertension owing to an increase in the release of 
renin, which is a hormone that is secreted by the juxtaglomerular apparatus of the 
kidney in the proximal convoluted tubule to increase systemic blood pressure [1—4]. 


4.8 Determination of the Best Position of the Kidney 
in the Retroperitoneal Space, Determination 
of the Length of the Renal Vessels and the Ureter, 
and the Location of Their Anastomosis 


Wrap the kidney in fine and thin sterile gauze soaked in cold preservation or 0.9% 
NaCl solution previously immersed in crushed ice or slush. Place the kidney in the 
right or left iliac fossa in a best (my preference is always to be as high as possible, if 
that is possible) retroperitoneal position. 

The purpose of temporarily placing the kidney in the iliac fossa is: 


e to determine its best permanent position in the extraperitoneal space. 

e to determine the best position for the anastomosis of the renal vessels with the 
recipienyt’s aorta, IVC, iliac or/and inferior epigastric vessels (can be marked with 
a sterile marker or argon coagulation) and the correct length of the renal vessels. 

e to determine the length of the ureter (urethral shortening) only after vascular 
anastomoses have been performed and blood flow to the kidney has been fully 
restored should the ureter be shortened especially at the time when at a given 
moment we are forced to with the ureter upwards (kidney inversion position) 
with implantation of the ureter into the isolated loop of the intestine (the Bricker 
operation—an operation utilizing an isolated segment of the ileum to collect 
urine from two of its own ureters or one ureter from a transplanted kidney and 
conduct it to the skin surface). 


After determining the final position of the kidney in the retroperitoneal space and 
establishing the places of vascular anastomoses and the length of the renal vessels, 
remove the kidney from the retroperitoneal space and place it back in the container 
box with ice and cold preservation solution. 


4.8 Determination of the Best Position of the Kidney in the Retroperitoneal ... 301 


4.8.1 Confrontation with a Short Ureter; A Kidney You May 
Receive for Transplantation; Some Tips and Tricks 


— if necessary due to the severity of intravascular calcifications, try to perform 
vascular anastomoses with the external iliac vessels towards the inguinal liga- 
ment, with or without urinary bladder mobilization; the anastomosis between the 
ureter and the urinary bladder must be without any tension; (with or without the 
bladder psoas hitch). If the anastomosis between the urinary bladder and the 
ureter was performed under tension then keep the catheter in the urinary bladder 
for about seven to ten days after the operation. 

— perform vascular anastomoses high above the internal iliac artery and vein with 
the use of the Boari-flap or psoas-bladder hitch technique—which requires a 
normal bladder wall and bladder capacity exceeding 400 ml. After 
psoas-bladder hitch surgery, patients require a Foley catheter in the urinary 
bladder for 10-14 days. 

— perform a vascular anastomosis high above the internal iliac artery and vein. As 
the next step, perform an end-to-side or end-to-end anastomosis between the 
donor’s and the recipient’s ureter, depending on the immunosuppression and the 
amount of urine excreted by the own recipient’s kidneys. The ureter can be 
repaired by sewing the two cut ends together as long as the gap between them is 
less than 3 cm. At the time the ureter is sewn together, a stent (plastic tube) is 
also placed in the ureter. The stent helps the ureter to heal and is typically 
removed three to four weeks after repair. 

— perform vascular anastomosis very low below the iliac internal artery and vein after 
properly mobilizing the iliac external vessels as close as possible to the inguinal 
ligament so that, the anastomosis of the ureter with the urinary bladder will not be 
under tension. Check also that the kidney vessels do not bend and the inflow and 
outflow of blood from the kidney are guaranteed without any obstruction. 


Warning! (Mark the places of every anastomosis) 
If it is difficult to remember the places of vascular anastomoses, but you can mark 
them with a sterile marker or an Argon Beamer coagulation. 


4.9 Kidney Transplantation on the Right Side 
of the Retroperitoneal Space 


4.9.1 Introduction 


As I emphasized before, if there were no previous grafts on the right side and the 
iliac vessels are in good condition, without advanced atherosclerosis, and this is the 
first transplant, I always transplant each kidney “high”, trying to perform an 
anastomosis with the common iliac vessels. Transplantation on the right side is 
technically easier due to the location of the iliac vessels. The IVC and the common 
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Fig. 4.28 Location of the iliac vessels on the right side. Behind the forceps is the psoas major 
muscle. 1—Common iliac artery, 2—External iliac artery, 3—Common iliac vein, 4—IVC 


iliac vein are partially located outside and parallel just behind the common iliac 
artery and, viewed from the right, in front of the common iliac artery (Fig. ). 
The second advantage of a high anastomosis of the renal vessels with the IVC or 
common iliac vessels is the position of the kidney in the retroperitoneal space. It 
can be said that the position of the kidney on the psoas major muscle is almost ideal 
because of the distance to the iliac vessels. Another argument for the renal vessel 
anastomosis with the iliac vessels being as high as possible, apart from the perfect 
position (if they are normal and unchanged), is the fact that the formation of 
lymphocele, as a complication after kidney transplantation, is relatively rare. This is 
due to the fact that, when preparing the common iliac vessels, the lymphatic vessels 
overlying the common iliac vessels are mostly split rather than cut over a very small 
distance. The preparation of the common iliac vessels is shorter and less traumatic, 
especially for lymphatic vessels. Someone will say: but you will need a longer 
ureter. I will answer—yes, but you can mobilize the bladder, you can also perform 
uretero-ureteral anastomosis “end to end” or “end to side” with the ureter of the 
recipient kidney. Regarding the number of complications, it can be concluded from 
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the literature that uretero-ureteral anastomoses do not differ from uretero-bladder 
anastomoses in terms of postoperative complications. If the iliac vessels are healthy 
without or with slight calcifications, then there is no problem to transplant the right 
kidney with a short right renal vein on the right side. A problem may arise when the 
iliac vessels are sick and have a lot of calcification, where all over the iliac vessels 
there is only one healthy place to close it with one or two vascular clamps. This is a 
difficult anastomosis, because the renal artery is short and situated behind the renal 
vein. If you do not have experience with transplanting the kidney on the right side, 
perform the transplant on the left side. 


4.9.2 How Long Does the Renal Vein Have to Be in a Renal 
Allograft just Before the Anastomosis? 


After placing the kidney in the best position in the retroperitoneal space; look first of 
all for the best place to perform a venous anastomosis; mark it and try to measure the 
best length of the renal vein. The best length of the renal vessels should end 2-3 mm 
before the place of the planned vascular anastomosis. If you have measured it and if the 
renal vein is still too short and a venous anastomosis cannot be made between the renal 
vein and the IVC and/or one of the iliac veins, the right or left common iliac vein 
should be dissected, The right or left common iliac vein should be dissected, with the 
internal iliac vein ligated on both sides if necessary, to maximise mobilisation of the 
iliac veins towards the kidney. Kinking and/or twisting of the renal vessels increases 
the risk of their thrombosis, which can even lead to kidney loss. Sometimes operators, 
especially those who love implanting kidneys with long vessels, without any kind of 
measuring or trying them on during transplantation, following vascular anastomosis 
push the kidney into the retroperitoneal space. I am not a supporter of this technique 
and I have never taught anyone to transplant a kidney in such an irresponsible manner. 
Several times I had the opportunity to observe surgeons transplanting kidneys in such 
a way that when the vascular anastomosis was due to be performed, an unprotected 
kidney was hanging outside the recipient’s body. These surgeons were usually 
technically very skilled, and quickly performed vascular anastomosis and released the 
vascular clamp(s); most of them held the kidney into their hands during reperfusion, 
and then by pushing the kidney in different places of the extraperitoneal space they 
tried to find the best position for it, that is the one in which there was no folding of the 
vessels of the transplanted kidney or there was the least folding of the renal vessels. 
I must admit that in most cases they succeeded in finding the best position, but the 
number of thromboses of the transplanted kidneys in such centers was on the bor- 
derline of the upper limit accepted by international organizations. 


And now a little anecdote: 


When I was abroad, I was watching a kidney transplant. After it was completed, I 
asked the surgeon if he had seen that the transplanted kidney’s vessels were slightly 
tortuous before he closed the abdominal wall. The surgeon stated that it was just such 
a “momentary fold” and that the kidney will able to move and will “find” an optimal 
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position in the retroperitoneal space where it will have an ideal inflow and outflow of 
blood to prevent graft thrombosis. Slightly irritated I asked him when this would 
happen. He replied that would happen within the next four hours after closing the 
abdominal wall. However, I kept annoying him with my questions and asked him 
why (already) his third kidney transplant had become thrombosed this month. He 
politely replied: “Because the kidney could not find a good position for itself”. 


Ihave quoted Surgeon this here to warn potential transplant surgeons against 
this type of thinking: of making a positive interpretation of negative facts. 


4.9.3 Surgical Technique for Kidney Transplantation 
on the Right Side of the Pelvic Girdle 


4.9.3.1 Prepare the Right Iliac Vessels 


The iliac vessels are completely freed around from the overlying tissues and 
lymphatic vessels. Enough length and depth of each vessel is needed for a proper 
clamp(s) placement and to perform vascular anastomosis. 


4.9.3.2 Preparing for Renal Vein Anastomosis 


The dissected iliac artery or arteries are slightly moved with a thin renal vein 
retractor of the OmniTrac towards the midline. After one of the iliac arteries has 
been moved, check the pulse on the external iliac artery near the inguinal ligament 
and iliac internal artery. The pulse on the iliac arteries should be checked regularly 
and also during venous anastomosis. A too movement of the artery behind the 
retractor towards the midline and its pressing force may lead to a decrease or even 
stopping of the blood flow to the lower limb. 


4.9.3.3 Iliac Vein Clamping 


If possible the right common iliac vein clamping is for me always a first choice 
(Fig. 4.29). 

Some adult and a lot of pediatric kidney transplant surgeons prefer to give 
heparin intravenously at 50 IU/kg before placing a vascular clamp, though there are 
many who do not [36]. 


Administration of Heparin Before Vessel Clamping: Is It Really Necessary? 


Renal graft thrombosis (RGT) is a serious complication after kidney transplantation 
and a major risk factor for impaired graft function and graft loss. Although RGT is 
rare, varying from 0.5 to 8.0%, it has high morbidity and mortality and accounts for up 
to 45% of graft loss in the first post-transplantation phase. Known risk factors for RGT 
are: donor age of less than 6 or more than 60 years; recipient age of less than 5 
or more than 50 years; cold ischemic time (CIT) of more than 24 h; atherosclerosis in 


4.9 Kidney Transplantation on the Right Side of the Retroperitoneal Space 305 


| 


Fig. 4.29 1—Common iliac vein closed in the Satinsky vascular clamp, 2—Common iliac artery 
gently moved away with thin renal vein blade, 3—Thin renal vein blade is designed to gently pull 
the vessels, 4—External iliac artery, 5—Psoas major muscle, 6—IVC 


the external iliac, common iliac or renal artery or the right donor kidneys; prior 
peritoneal dialysis; diabetes mellitus; previous thrombosis in the recipient; technical 
difficulties and hemodynamic instability during transplantation. RGT, deep venous 
thrombosis (DVT) and pulmonary embolisms (PE) are collectively known as 
thromboembolic complications (TEC) [34]. The incidence of TEC after kidney 
transplantation is reported to vary between 0.6 and 9.1% [34]. The wide ranges 
reported are because of the differences in study populations, with the highest inci- 
dences found in pediatric kidney transplantation and the lowest in studies involving 
living donor kidney transplantations. In the kidney transplantation population, the 
risk factors for DVT are age more than 40 years, diabetes mellitus, previous DVT and 
simultaneous pancreas—kidney transplantation. Since more elderly patients with 
higher comorbidity are being transplanted, the incidence of TEC is likely to increase. 
Primary RGT was related to presentation with delayed graft function (DGF) and was 
significantly associated with extrarenal TEC. There was no association between 
primary RGT and recipient’s age; sex; number of previous transplants; type of dial- 
ysis; pretransplant treatment with erythropoietin, antiplatelet agents or oral antico- 
agulants; or donor’s age, sex and number of graft vessels. In vascular surgery, 
intraoperative administration of heparin is common with the aim of avoiding 
thrombus formation at the anastomosis and clamp sites [35]. In kidney transplantation 
no consensus or protocol for antithrombotic prophylaxis exists. Therapeutic use of 
heparin increased the risk of bleeding among renal transplant recipients, but there 
were no cases of thrombosis. Prophylactic use of heparin did not increase the risk of 
bleeding and prevented proportionately more cases of thrombosis relative to no 
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anticoagulation; this result supports the continued use of prophylaxis. Intraoperative 
heparin and antiplatelet therapy were not associated with increased bleeding risk. 
These regimens appear to be safe for the possible prevention of TEC without 
increasing the risk for bleeding after kidney transplantation [34, 35]. 

RGT is one of the main causes of early graft loss in pediatric kidney transplan- 
tation. Despite the lack of evidence-based recommendations, antithrombotic pro- 
phylaxis is used to prevent RGT, which occurs mostly within the first week following 
transplantation. The reported incidence of RGT varies between 2.3 and 5.1%, mainly 
due to differences in study populations and associated risk factors [36]. The risk of 
developing a thrombotic episode seems to be higher in pediatric than in adult renal 
transplantation. Hence, antithrombotic prophylaxis with anticoagulants and anti- 
platelets is widely used to prevent RGT in pediatric kidney transplantation [36]. 


Arguments Against the Administration of Heparin Before Vessel Clamping 


Introduction 
(a) Heparin-induced thrombocytopenia (HIT). 


HIT is an adverse drug reaction characterized by thrombocytopenia and a high risk 
of venous or arterial thrombosis. The frequency of HIT ranges from 1 to 5% of 
patients receiving heparin with exact frequencies ranging between specific agents. 
Interestingly, this immune-mediated syndrome is ironically associated with 
thrombosis, not bleeding, with thrombin formation playing a major role. It is caused 
by heparin-dependent, platelet-activating antibodies that identify a self-protein, 
PF4, bound to heparin that results in antibody formation. The resulting platelet 
activation is associated with increased thrombin generation. Typically, the platelet 
count fall begins 5—10 days after starting heparin, although a rapid platelet count 
fall can occur in a patient who has antibodies from recent heparin use [37]. 

HIT type Il is an immunologically mediated reduction in platelets that increases the 
risk of arterial or venous thrombosis. Unlike other thrombocytopenic coagulopathies, 
HIT is associated with a high risk of thromboembolic events if not treated with an 
appropriate anticoagulant alternative. The diagnosis depends on the assessment of 
platelet reduction, identification of previous heparin exposure, detection of throm- 
botic complications and evaluation of laboratory assays. HIT has been well described 
in surgical patient populations; however, the abdominal organ transplant population is 
an exception. HIT should be included in the differential diagnosis of patients pre- 
senting with thrombocytopenia after transplantation in order to prevent or treat 
thrombotic complications that can pose a risk to patient or graft survival. Laboratory 
assays, such as platelet factor 4 (PF4) which is a small cytokine belonging to the CXC 
chemokine family that is also known as chemokine (C-X-C motif) ligand 4 (CXCL4 
PF4 and SRA, aid in the diagnosis, but cannot provide absolute certainty about the 
presence of HIT antibodies or their association with clinical HIT. Appropriate treat- 
ment includes avoidance of heparin, administration of a DTI and proper transition to 
long-term oral anticoagulation [38]. HIT [especially in combination with TEC— 
represents a medical-economic burden for the hospital. Although this is only an 
orientation guide, it shows that HIT II syndrome is not adequately cost-covered by the 
G DRG (diagnosis-related groups) system. An early thrombosis prophylaxis with 
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argatroban/danaparoid for HIT II risk patients should therefore be taken into account 
for medical-related as well as patient safety-relevant aspects. From experience, the 
pharmaceutical supply for these medically needed products (anticoagulants) should 
be ensured for reasons of patient safety [38]. 


(b) Coagulation disorders in uremia—the most common—impaired platelet function 


The association between kidney dysfunction and bleeding was made more than 
200 years ago. However, there remains an incomplete understanding of the 
underlying pathophysiology. Impaired platelet function is one of the main deter- 
minants of uremic bleeding. This impairment is due to largely and incompletely 
defined inhibitors of the platelet function in the plasma of patients with markedly 
reduced kidney function. An increased bleeding risk has been described for patients 
with an end-stage renal disease. Bleeding occurs in about 50% of patients with an 
end-stage renal disease reaching from minor events, such as bruises and bleeding at 
venipuncture sites, to menorrhagia, gastrointestinal blood loss, severe perioperative 
bleeding and retroperitoneal as well as intracranial hemorrhage. Bleeding can sig- 
nificantly contribute to mortality and morbidity and blood transfusions can lead to 
alloimmunization and thereby limit options for transplantation [39]. 

Although predisposition to bleeding seems obvious, recommendations for risk 
determination are missing as no single factor or test has been established to detect 
individual bleeding risk in patients with an end-stage renal disease [39]. 


Conclusion 


Chronic kidney disease (CKD), acute kidney injury (AKI) and nephrotic syndrome 
(NS) are called renal diseases in which hypercoagulation prevails (and which 
lead to an increased risk of deep vein, renal vein and/or arterial thrombosis). 
Antiphospholipid syndrome (APS), due to which the autoantibodies are directed 
against phospholipid-binding proteins, is associated with a high risk of vascular 
thrombosis. Based on the literature it is not clear, though it seems one can find some 
strong suggestions, that in kidney recipients at medium and high risk of thrombosis, 
perioperative anticoagulation therapy has its scientific justification and in many 
cases is advisable/indicated [34-39]. 


Vessel Clamping With or Without Heparin: Vein is Clamped First 


If necessary, heparinization of the patient should be performed five minutes before 
closing one of the iliac veins to prevent thrombosis. Heparin has a half-life of 1.0 to 
1.5 hours and lasts approximately 3 to 4 hours. Adequate anticoagulation can be 
followed with activated clotting time (ACT). For peripheral vascular operations, an 
ACT in the 250 to 350 second range is adequate [40]. 

If you have given intravenous heparin before inserting a clamp, wait five min- 
utes before closing the vessel. Remember that heparin needs five minutes to fully 
work in the human body. 

Depending on the predetermined best place for the renal vein anastomosis, grasp 
the already gently prepared iliac vein with forceps and carry it slightly upwards and 
then with the help of a Satinsky vascular clamp close the vein partially along its 
long axis. Assure that during the vein clamping with the Statinsky clamp only IVC 
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or one of the iliac vein is being clamped (selectively partial closure) and not the 
vein together with all surrounding tissues. Closing the lumen of the vein with the 

surrounding tissue will result in inadequate closure of the vein and when the vein is 
cut for anastomosis, the area will bleed, making the anastomosis difficult to perform 
or forcing the operator to correct the position of the vascular clamp closing the 
vein. Clamping the IVC and/or one of the iliac veins which is not well dissected 
from the surrounding tissues will be responsible for bleeding after venotomy, 
because the vein with too much tissue around it will not be properly closed. The 
place on the right side for the renal vein anastomosis may include a segment from 
the IVC up to the end of the section of the external iliac vein which ends at the level 
of the inguinal ligament. In our case the right common iliac vein appears to be the 
fastest accessible and the most exposed place for the renal vein anastomosis. After 
clamping, use the sterile scalpel with surgical blade No. 15 or 11 on the top of the 
bulge of the closed common iliac vein wall, and make a 3—4 mm incision along its 
long axis. After opening the vein and suction of blood, rinse the vein lumen from 
inside out with a 0.9% NaCl (Natrium Chloride) with heparin. Then the wall of the 
common iliac vein is further cut lengthwise with vascular scissors (angled scissors) 
—the vein is cut to the width of the renal vein diameter (Fig. 4.30). I recommend 


Fig. 4.30 Before applying the stay suture which will be pulling the medial vein wall towards the 
middle line. 1—Thin renal vein blade has been designed for gently pulling the vessels, 2—Pulled 
by the renal vein blade inwards to the common iliac artery, 3—The wall of the common iliac vein 
is cut lengthwise with vascular scissors. The length of the incision of the common iliac vein is 
slightly 2.0-3.0 mm longer than the circumference of the renal vein 
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that the incision in a partially clamped iliac vein should be 2-3 mm larger than the 
diameter of the renal vein. Some authors suggest making the venotomy in the IVC 
or one or the iliac veins 10-15% larger than the diameter of the renal vein [1—4]. 


Warning! 


A. Do not close the arteries before completing the venous anastomosis. 

B. The diameter of a renal vein can be measured by very gently placing the jaws of 
closed vascular forceps inside the renal vein (3-4 mm above the renal vein 
outlet), which is then opened very slowly until the resistance of the vein wall is 
reached. The distance between the ends of the jaws’ of the vascular forceps will 
determine the diameter of the renal vein. 


In the middle of the medial wall of the right common iliac vein place a non- 
absorbable auxiliary or stay suture 5/0 (Fig. 4.31). This suture is pulled towards the 
left side of the recipient’s midline and fixed at the end with a delicate, “jaws armed” 
(Suture-Boots), small vascular clamp. 


Warning! 

Suture-Boots™ small surgical clamp jaws are special plastic covers which are 
designed to hold the finest suture without damage or slippage. Covers during 
operation are placed on the instrument’s jaws in order to prevent cutting, crushing 
and thus weakening of the surgical sutures (Fig. 3.44). 


Fig. 4.31 1—Stay suture pulling medial wall of the right common iliac vein to the left side, 2— 
Renal vein thin blade pulling the common iliac artery to the left side, 3—Closed with vascular 
clamp common iliac vein with placed on the medial wall stay suture, 4—Satinsky vascular clamp 
closed along the long axis 
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Fig. 4.32 Positioning the kidney in its container before transplantation. The arrow indicates that 
the kidney will be rotated to the left in the recipient’s body. 1—Kidney, 2—Renal vein, 3—Ureter 
is turned down 


Detailed Description of the Surgical Techniques for Venous Anastomosis 
Putting the kidney in a container in the right position 


In a container with ice and cold organ preservation solution, the kidney is posi- 
tioned as it will be transplanated into the retroperitoneal space, that is with the 
ureter downwards (sometimes the ureter is being transplanted upwards in the 
absence of a bladder or if a Bricker’s method is used, i.e. the ureter is implanted into 
an isolated loop of the small intestine) (Fig. 4.32). There are a number of surgical 
techniques describing renal vein anastomosis to the IVC or one of the iliac veins. 
Here I describe a surgical technique to anastomose a renal vein to IVC or one of the 
iliac veins, which I perform myself. 


Renal Vein Corner Sutures 


Venous anastomosis of the renal vein end to side of the IVC or one of the iliac veins 
is usually performed with the use of two monofilament, unabsorbable 5/0 or 6/0 
sutures. Each suture is armed with two needles. The assistant is asked to provide a 
good visualization of the renal vein and its corners. If the assistant is not experi- 
enced, the operator slowly injects heparin-saline solution into the lumen of the renal 
vein to establish the physiological position of the renal vein. After filling the renal 
vein lumen, the end of the renal vein is closed with a small vascular clamp 
approximately 10 mm from the end of the renal vein lumen. The assistant now 
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Fig. 4.33 Renal vein without corner sutures; inexperienced assistance. The operator had to trace 
the correct position of the renal vein himself and stabilized it between the fingers of his left hand. 
This is the moment where two non-absorbable monofilament sutures will connect the superior and 
inferior corner of the renal vein with the superior and inferior corner of the opening in the common 
iliac vein. 1—Kidney, 2—Surgeon’s fingers holding the renal vein in the correct position (not 
twisted), 3—Superior corner of the renal vein, 4—Needle holder ready to pierce the needle in the 
superior corner of the renal vein, 5—Ureter turned down 


grasps the right and left parts of the renal vein wall with two forceps so that the wall 
length is the same on both sides. The vein is now taken over by the surgeon and 
held between the thumb and forefinger of the left hand (Fig. 4.33). This position of 
the end of the renal vein makes it possible to distinguish the position of its wall in 
the lower corner (ureter side), the upper corner (upper pole side) of the kidney and 
the two walls of the renal vein anterior and posterior. 


Vena iliaca corner sutures 


Move the container with the kidney, ice and preservation solution as close as 
possible to the retroperitoneal space and right iliac vessels. The assistant’s task is to 
keep the container with the kidney placed in the physiological position as close as 
possible to the right iliac vessels. A surgical needle with an non absorb-able suture 
5/0 is used to pierce the suture of the upper corner of the renal vein from the outside 
to the inside or vice versa. It is important to remember that after piercing the wall of 
the upper corner of the ICV or one of the iliac veins, the suture should be tied to the 
outside. The second suture is placed in the same way—the inferior corner of the 
renal vein is pierced. Both ends of this suture are fixed outside the operating field, 5 
cm before the needles, with small vascular clamps. In the same way, the inferior 
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<Fig. 4.34 (a) By the assistant gently pulling both corner sutures, and by the surgeon gently moving 
the kidney towards the retroperitoneal space, the kidney will be correctly positioned in the 
extraperitoneal space. 1—Surgical suture connecting both superior corners of the venous 
anastomosis: picture shows the ends of the suture is fastened with a special small jaw covered 
vascular clamp, 2—Kidney, 3—Blade of the abdominal retractor. (b) 1—Common iliac artery 
gently pulled inwards by the thin blade of the renal vein retractor, 2—Blade of the “renal vein” 
retractor, 3— Stay suture pulling the medial common iliac vein wall inwards to the left side, 4— 
The anterior wall of the common iliac vein, which is closed with a vascular clamp, is opened with a 
visible stay suture, so that the walls of the common iliac vein, which is cut along its axis, are not 
glued together. Anterior wall is cut off to the left with and suture, the lumen of the dissected vein is 
perfectly visible, which greatly facilitates correct anastomosis, 5—Renal vein, 6—Satinsky 
vascular clamp and superior corner suture 


comers of the renal and iliac vein are connected with the second suture whose ends 
are also fixed outside the operation field. 


Final kidney position 


Keep the same kidney graft position during the veneus, arterial and ureteral anas- 
tomosis. Try to not change the position of the kidney over time. Venous anasto- 
mosis is made by using two non-absorbable vascular sutures that connect the two 
upper and lower corners of the renal and iliac vein with each other. Because the 
posterior wall is sewn from the intraluminal space of the anastomosis site, this 
technique avoids any possibility of the posterior or anterior wall being caught up in 
the suture line. [41]. 

Then the assistant very gently grasps the clamps that are fixed on the sutures 
connected to the superior and the inferior corners and pulls them slightly up and 
towards himself/herself. At the same time, the surgeon takes the kidney out of the 
container and goes very slowly with it towards the iliac fossa and anastomosis side. 
The assistant begins to lightly pull both stitches fastened with small clamps, and at 
this point the renal vein is very slightly strained. The operator slowly positions the 
kidney towards the retroperitoneal space in the previously determined best place for 
end to side anastomosis. The operator puts the kidney then in the correct position on 
the psoas muscles (Fig. 4.34a, b). Now the assistant stretches the superior and 
inferior sutures slightly and the edges of the renal vein wall contact (kiss) the edges 
of the iliac vein wall; the renal vein is slightly stretched, the kidney is already 
placed and positioned in the lumbar region. When the kidney is properly positioned, 
the corner sutures are stretched so that the posterior wall of the renal vein is against 
the posterior wall of the iliac vein at the anastomosis site (Fig. 4.35). 

End-to-side anastomosis of the renal vein to the inferior vena cava (IVC) or one 
of the iliac veins, anastomosis of the posterior wall of the IVC or one of the iliac 
veins from the inside of both veins. Two non-absorbable sutures are used to create 
the anastomosis. The sutures are passed through the upper and lower corners of 
both veins. The upper suture is tied off and the lower suture is used to pull the renal 
vein so that its posterior wall is closely attached to the posterior wall of the IVC or 
one of the iliac veins. The anastomosis is performed with one of the half sutures tied 
at the upper corner (Fig. 4.36). 
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Fig. 4.35 The vascular sutures placed on the superior and inferior anastomotic corners are now 
slightly stretched by the assistant at this point. The diameter of the renal vein opening must be the same 
or slightly smaller than that made in the common iliac vein. 1—Renal vein, 2—Kidney, 3—Untied 
suture connection of the lower corners of this anastomosis fixed with small vascular clamp on its ends 
and kept under slight tension, 4—Two tightly connected superior corner sutures (if you have enough 
surgical skills you can try to perform venous anastomosis without tying the superior corners suture), 
5—Satinsky vascular clamp, 6—Renal vein thin blade pulling the common iliac artery inward 


Fig. 4.36 The anastomosis begins with tying (or not) the surgical suture placed on the superior 
corner of the renal and common iliac vein, 1—Half of the suture is pierced with a needle from the 
outside to the inside through the wall of the renal vein, 2—Kidney, 3—Renal vein under slight 
tension, 4—Right common iliac artery, 5—Thin, narrow renal vein blade gently pulling to the 
right common iliac artery 
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The second half of the upper suture is then fixed with a clamp with jaw cover. Next, 
take the needle of the unattached superior suture in the needle holder and insert the 
needle from the outside to the inside of the renal vein. Pierce the wall of the renal vein 
from the outside to the inside with the needle so that it and the suture are inside the 
lumen of the renal vein, very close to the upper corner. If a seam has a knot or if it is 
not knotted and if both parts of the suture should be of the same length when sewing. 
Then the second half of the superior suture is fixed with a clamp and the other 
half-suture from the superior corner. Take it in the needle holder and place the needle 
from the outside to the inside of the renal vein. Pierce the renal vein wall from the 
outside to the inside with the needle so that it and the suture are inside the lumen of 
the renal vein and very close to the superior corner. The anastomosis of the posterior 
venous walls is made from the inside; the needle is inserted every 1.5-2.0 mm, 
touching the back walls of both veins in the vascular suture (Figs. 4.37 and 4.38). An 
assistant guides the suture by holding it between the index finger and thumb. While 
sewing from the inside, the assistant tightens the suture and at the same time pulls it 
up gently so that the sewing line converts to the lumens of both stitched veins. The 
inferior suture corner is not tied but only stretched towards and along the external 
iliac vein during the anastomosis by the scrub nurse. The lower corner suture should 
be stretched, so that the back walls of the anastomosis are in full contact with each 
other (“they are kissing together”). If you are at the level of the inferior corner sewing 


Fig. 4.37 Needle and suture have pierced inside the lumen of the renal vein close to the superior 
corner of the renal and iliac vein: from now the anastomosis between the renal vein and the 
common iliac vein is performed from the inside. The kidney is placed in a fixed position. After 
venous anastomosis the kidney can be moved anywhere and the operator will not seek the best 
position for it. 1—Renal artery, 2—Renal vein, 3—Stay suture pulling the middle wall of the 
common iliac vein to the left side, 4—Kidney 
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Fig. 4.38 Posterior side of vascular anastomosis between the posterior walls of the renal and 
common iliac vein has been performed. 1—Renal vein, 2—Common iliac artery, 3—Inferior 
corner of anastomosis 


with a continuous suture, you can do two things: you can remove the inferior corner 
suture or tie it and fix it outside the operation field. The sutures are continued until 
they meet on the anterior wall of the renal and iliac vein. The same end to side 
veno-venous anastomosis can be performed without tying any suture, but during 
suturing by pulling and holding the renal vein under tension. 


End to side renal vein anastomosis with one suture, one knot - parachute 
technique; detailed description. Veno-venous end to side parachute technique 
with anastomosis from the inside: during the anastomosis, the distance 
between the posterior walls of the renal vein and the IVC, or one of the iliac 
veins is preserved. This means that when they are sewn together, their backs 
walls do not stick to each other as tightly as they should as with the classical 
technique described above. In parachute technique no suture is used that fixes 
the lower corners of the renal and IVC, of one of the iliac veins. 


The superior corner suture is placed from the outside to the inside of the renal vein 
and with another needle from the inside to the outside of the iliac vein. The suture 
that comes out of the superior corner of the iliac vein is pulled and fixed with a 
small clamp outside the operating field. This means that in the middle of the renal 
vein lumen there is a suture near the superior corner. In this case, the suture was not 
placed on the inferior corners of the renal and iliac veins. This parachute anasto- 
mosis is performed as follows. First the stitch from the superior corner is already 
inside the renal vein; the sutured suture was not tied and very loosely sutured in the 
posterior wall of the veins by the continuous intra-luminal anastomosis. After 
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suturing the posterior wall, each suture was pulled towards the other side along the 
orifice and then the anastomosis of the posterior wall was accomplished. Another 
superior needle suture was used for suturing the anterior wall. Before both sutures 
were finally loosely tied, the renal and iliac veins were rinsed with heparinized 10- 
30 ml 0.9% saline chloride solution. For the last time the physiologic position and 
anastomosis of the renal vein were checked. 


The technique of end-to-side anastomosis of the renal vein to the external iliac vein 
consists of the one suture and one knot. The same method can be used for 
end-to-end or end-to-side anastomosis of the renal artery, with or without spatu- 
lation. The anastomosis begins with an in—out and out-in suture at one corner of the 
venotomy incision. Then, the posterior wall is sutured in a running fashion from the 
intraluminal space of the external iliac vein. After finishing the anastomosis of the 
posterior wall, the anterior wall is sewn with the same suture material while pulling 
the edge of the graft side and the recipient’s side. This is done without putting any 
knot at the other corner of the venotomy incision. Finally, the anastomosis is 
finished at the start point. After the last suture, both ends of the suture material are 
pulled gently, though making the knot is delayed until the unclamping of the 
external iliac vein (or the artery, in the case of an arterial anastomosis). This permits 
the anastomosis site to become expanded to its widest size, and prevents a 
purse-string effect at the anastomosis site [41]. 


Warning! (I consider my vein anastomosis technique the best) 

The correct execution of a renal vein anastomosis with the parachute and 
one-suture, one-knot surgical technique requires experience and very good surgical 
skills and a quite an experienced assistant. In the one-knot surgical technique, the 
lower corners of the vascular anastomosis are not joined by a surgical suture so that 
the edges of the veins cannot be arranged in such a way that they adhere to each 
other when the suture is pulled. While sewing, pull the renal vein with forceps 
down for each stab, especially when sewing the back wall; if you do not do this you 
can easily narrow the anastomosis. With the second inferior corner suture, the 
posterior walls of the renal vein and the illiac vein kiss each other which gives the 
surgeon the possibility to focus on the sewing and not pulling the renal vein 
downwards. I personally like and prefer this technique of anastomosis. 


Warning! (The last inspection of the position of the renal vein) 

If we are not yet sure of the physiological position of the renal vein, to avoid a 
technical error, you can inject 0.9% natrium chloride solution with heparin into the 
lumen of the vein and observe how it fills and whether it is twisted or bent, which 
would mean that it is too long. You have to follow the renal vein from the anas- 
tomosis up to the renal hilum. If the venous anastomosis is ready and tied, then you 
have no access to inject the heparinized solution into the renal vein. Another 
solution is to slowly inject the heparinized solution into the renal artery, and then to 
observe the behavior and positioning of the renal vein under the influence of the 
injected solution (it is very important not to twist the vein and implant it too long, 
because then it will bend). When performing the anastomosis, I check the position 
of the renal vein two to three times so as to be 100% sure that the vein is not twisted 
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and does not bend after releasing the vascular clamp. If it is too long, cut and 
shorten it. Remember that, theoretically, with complete closure of the anastomosis, 
the kidney and also the renal vein may simply rupture when the vascular clamps are 
released. 


Warning! 
The best hemodynamically end-to-side vascular anastomosis between two vessels is 
when an angle of 90 degrees is maintained between the anastomosed vessels [86]. 


Warning! 

I know that there are a few surgical techniques for veno-venous end-to-side anas- 
tomosis, and that I have demonstrated only two. I believe that the demonstrated 
techniques are the quickest, the easiest to learn and, in my opinion, a very small 
number of mistakes are made when performing them. 


4.9.4 Arterial Anastomosis: The Renal Artery with the Iliac 
Artery End to Side 


4.9.4.1 Introduction 


Kidney transplant is the treatment of choice for most cases of end-stage renal 
disease. Transplant surgeons use different techniques for arterial and venous 
anastomoses in the recipients. In 1902, Carrel described a three-point anastomosis 
technique for allograft arterial anastomosis. Since then, others have described a 
two-point anastomosis, a four-quadrant technique, a corner-saving technique, a 
non-suture technique and other methods for vascular anastomoses. Most of these 
techniques were invented to reduce the warm ischemic time of the allograft to the 
minimum, while providing good patency, especially in the case of arterial anas- 
tomoses [2, 41-50]. 

The renal arteries carry a large portion of the total blood flow to the kidneys. Up 
to a third of the total cardiac output can pass through the renal arteries to be filtered 
by the kidneys. In the physiology of the kidney, RBF is the volume of blood 
delivered to the kidneys per unit time. In humans, RBF is about 1.0-1.3 L/min. This 
constitutes 20-25% of the resting cardiac output through tissue that constitutes less 
than 0.5% of the body mass. Considering that the volume of each kidney is less 
than 150 ml, this means that each kidney is perfused with over three times its total 
volume every minute. It passes about 94% to the cortex [49, 50]. 

Mital et al. in 1996 performed arterial and venous anastomoses in a kidney 
recipient using four-stay sutures and several vascular clips for each anastomosis. 
The time taken for each anastomosis was 8 min, and the authors concluded that it 
was a Safe, easy and rapid method for a renal vascular anastomosis [50]. 

Haberal et al. used a corner-saving technique for the arterial anastomosis of 
allograft kidneys in 183 recipients. In only one patient was renal arterial stenosis 
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Fig. 4.39 (A) The atherosclerotic plaques are usually located dorsally in the artery. The clamp 
should be placed horizontally to avoid plaque injury (fracture and/or fragmentation). (B) 
Atherosclerotic plaques located dorsally with a vascular clamp placed vertically and closed 
without any artery examination. Artery injured—fractured and fragmented atherosclerotic plaque 
located dorsally. To avoid such an injury first locate the position of the atherosclerotic plaque 
(dorsally, aslant—inclined or twisted to one side or vertically—in a vertical direction). Vertically 
and aslant are semantically related across topics. In some cases you can use “vertically” instead of 
the adjective “aslant” 


seen, and no case of arterial thrombosis was encountered. They concluded that this 
technique was a safe and which, when applied, has reduced the number of vascular 
complications [46, 48]. 

Atherosclerotic plaques are usually located dorsally in the artery. The clamp 
should be placed horizontally to avoid plaque fracture and/or fragmentation 
(Fig. 4.39). 

The preferred arterial anastomosis is end to end or end to side between the renal 
artery and the other artery, which is made at the end of the renal artery to the end of 
the iliac internal artery. This kind of arterial anastomosis carries a lower incidence 
of stenosis. 


4.9.4.2 Renal Artery Anastomosis with the One-suture, one-knot, 
Parachute Technique Is Also Preferred by the Author: 
Detailed Description of the Best Technique for the Artery 


During venous anastomosis, the iliac arteries are totally dissected from the 
retroperitonal space and gently pulled medially with the aid of the renal vein thin 
blade (one of the retractor’s blades). During arterial anastomosis, the iliac arteries 
are released from the renal vein thin blade and returned to their physiological 
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Fig. 4.40 The iliac artery is closed with two soft vascular clamps. 1—Kidney, 2—Completed and 
checked venous anastomosis, 3—Common iliac artery, 4—Placed in horizontal position at the 
beginning of the common iliac artery and not affected by the arteriosclerosis vascular clamp, 
5—Closed in the vertical position and placed in the distal part on the common iliac artery vascular 
clamp 


position. Before the anastomosis the iliac arteries are completely freed from the 
retroperitoneum, examined by delicate palpation for having calcifications and are 
marked with “vessel loop(s)”. The best place for arterial anastomosis between the 
renal artery and one of the iliac arteries or the abdominal aorta has already been 
selected and are marked. The soft vascular clamps have been placed horizontally 
above and below the previously designated place for the renal artery anastomosis 
(Fig. 4.40). After closing the clamps, check by palpation the artery pulsation below 
the proximal clamp. If the artery is well closed with the clamp(s), you cannot feel 
the pulsations or blood flow below the vascular clamp which is closed the lowest on 
one of the iliac arteries. The renal artery is very gently rinsed with heparinized 
saline to check its position and how it will arrange itself after releasing the vascular 
clamps. The next step is to measure the length of the renal artery to the site of the 
anastomosis (Fig. 4.41); if the artery is too long and there is a necessary need, we 
shorten it with very sharp scissors (Fig. 4.42). The renal artery should be anasto- 
mosed with a little tension, should be as short as possible, ideally positioned, and 
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Fig. 4.41 Shortening the length of the renal artery to the desired length. 1—Renal artery, 2—Sharp 
scissors, 3—Kidney, 4—In this case, the end of the renal artery is narrowed. The narrowing consists 
of an atherosclerotic plaque and occurs 1.5 cm from where the renal artery enters the aorta. The rest 
of the renal artery is of very good quality. Before the renal artery is anastomosed to one of the iliac 
arteries, the aortic patch and the first 2 cm of the renal artery are cut off. The remaining part of the 
renal artery is healthy and will be anastomosed end-to-end to the common iliac artery in the next 
step patch 


not twisted. The best hemodynamically end-to-side anastomosis is one made at a 90 
degree angle. Personally I cut the renal artery 2-3 mm from the anastomotic site 
(Fig. 4.42). The iliac artery is now punctured with a No. 15 or 11 scalpel over a 
length of 4-5 mm and flushed with cold heparinized saline. Then the aortic punch 
is introduced into the lumen of the artery (Fig. 4.43). This is a disposable tool that 
cuts straight, oval holes. You can choose to use it, depending on the renal artery’s 
diameter from 2 to 8 mm [46]. Personally, I use a 4 mm. Using a cutter, cut an oval 
opening in the wall of the iliac artery, and rinse the lumen with a physiological 
saline solution with heparin. Depending on the diameter of the artery, I always use 
the cutter once or twice if I want to enlarge the first cut by 2-3 mm. Sometimes the 
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Fig. 4.42 1—Shortened renal artery, 2—Common iliac artery, 3—Venous anastomosis, 4— 
Kidney 


Fig. 4.43 1—Punch inside the lumen of the common iliac artery: a circular cutter to cut a perfect 
hole in the artery with a diameter of 4 mm, 2—Iliac artery 
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Fig. 4.44 1—The renal artery wall slightly incised (spatulated) to enlarge the diameter of its 
anastomosis, 2—Completed venous anastomosis: renal vein, 3—Oval opening in the common 
iliac artery made with a cutter, 4—Kidney 


diameter of the cut hole in the iliac artery is larger than the diameter of the renal 
artery. To solve this problem, I cut the renal artery wall 2-3 mm towards the renal 
hilum (Fig. 4.44). I do this in almost every transplant to avoid the renal artery and 
its anastomosis stenosis at the anastomosis place. Now we ask the scrub nurse for a 
needle holder with a vascular suture (Fig. 4.45). For renal artery anastomosis, I 
always use one thin unabsorbed monofilament suture at least 6/0 or 7/0 depending 
on the diameter and quality of the renal artery. I start the vascular anastomosis by 
inserting both needles one by one from the inside to the outside into the superior 
corner of the punched hole [46]. This is like two halves of the same suture extended 
outside the illiac artery: the distance between the two, separated surgical sutures is 
about 2 mm. The ends of a suture are not tied. On the medial or left suture a small 
vessel clamp arm is fastened. This half-suture is placed outside the retroperitoneal 
space towards the left side of the recipient under a little tension. The needle from 
the operator’s side is inserted from the outside to the inside into the superior corner 
of the renal artery. This is a parachute anastomosis, so it is performed at a certain 
distance from the walls of the renal and iliac arteries. After almost half of the 
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Fig. 4.45 1—Completed venous anastomosis, 2—The renal artery is shortened to the correct 
length and with a slight vertical incison of the wall of the artery to prevent the narrowing of the 
anastomosis, 3—Common iliac artery with opening. If the iliac artery is healthy, to obtain very 
good access to the lumen of the iliac artery, the artery should be clamped so that the upper clamp 
above the anastomosis closes the artery horizontally, while the clamp below the anastomosis closes 
the artery vertically. This position of the clamps above and below the anastomosis gives you a 
good view into the lumen of the artery and prevents the walls of the artery from sticking together 
during the anastomosis: this makes the arterial anastomosis easier and error-free 


anastomosis (posterior walls sutured from the inside) is made, we pour a large 
amount of heparinized cold saline solution over the suture and both ends of the 
suture material are pulled gently so that the posterior walls of the two sutured 
vessels can come closer to each other (Fig. 4.46). Continue sewing the inferior 
comer and anterior walls until 3-4 mm above the inferior corner. When sewing, be 
very careful with the inferior corner so that blood does not leak from there when the 
clamps are released. The inferior corner area is almost always the source of anas- 
tomotic bleeding. Now we release the second vascular clamp from the upper corner 
suture, fasten it with the lower one and continue sewing from top to bottom towards 
the inferior corner. We finish the vascular anastomosis between the renal and iliac 
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Fig. 4.46 The vascular anastomosis end of the renal artery to the side of the common iliac artery 
was performed using the parachute technique, with a single non-resolvable vascular suture. 1— 
The suture with which the posterior wall anastomosis of both arteries was performed; with this 
suture the anterior wall anastomosis was started from bottom to top, 2—Superior corner of the 
vascular suture, 3—Venous anastomosis, 4—Renal artery, 5—Common iliac artery 


artery 1-2 mm before the end of the anastomosis; the lumen of the arteries is 
flushed with heparinized saline solution (Fig. 4.47); during the next step anasto- 
mosis is finished, needles are cut off and the sutures are tied six to eight times very 
gently so as not to tear them and the vessels. The first knot is tied not too tightly, 
about 1-2 mm from the walls of both arteries, to allow the anastomosis to grow and 
thus prevent it from narrowing (Fig. 4.48). Then we ask the scrub nurse for a small 
vascular clamp, e.g. a small delicate bulldog, with which we close the renal artery 
3-5 mm above the anastomosis. To test the tightness of the anastomosis, the vas- 
cular clamps closing the segment of the iliac artery below it are opened first. The 
renal artery is then closed so that blood does not flow towards the kidney. If 
everything is all right (there is no blood leakage) we release the upper vascular 
clamp and close the common iliac artery in this case—now the blood flows freely to 
the lower limb. Before removing the bulldog from the renal artery we once again 
check the tightness of the arterial anastomosis (blood pressure and blood flow in the 
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Fig. 4.47 At the end of the anastomosis, both lumens of the arteries are flushed with heparinized 
saline solution. 1—A special curved needle connected to a syringe with heparin solution used to 
flush out the lumens of both arteries, 2—The filled up renal artery shows proper length and 
position: as you can see the renal artery is not twisted or kinked, 3—Venous anastomosis, 4— 
Kidney 


area of the anastomosis are now much higher than the backflow of blood from the 
lower limb) (Fig. 4.49). If the arterial anastomosis is tight, slowly remove the 
bulldog clamp that is occluding the renal artery. Then we observe a slow filling of 
the renal artery and kidney with arterial blood. When the renal vein starts to fill in 
completely with venous blood, slow down, take away the Satinsky clamp, check the 
tightness of the anastomosis and the renal vein wall (Fig. 4.50). 
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Fig. 4.48 End of arterial anastomosis. | and 2—Two ends of a monofilament nonabsorbable 
suture; needles were cut to avoid injury, both ends of the sutures will be tied, 3—Venous 
anastomosis, 4—Common iliac artery 


Then we ask for a warm sterile solution of Ringer’s solution, which we pour into 
the extraperitoneal space. This solution or physiologic natrium chloride is intended 
to warm up the organ; secondly, it can be very helpful in obtaining proper 
hemostasis in the surgical field (under water it is easier to locate the bleeding). We 
warm up the kidney a few times until the hemostasis is complete and the kidney is 
colored correctly. Special attention is paid to the anastomoses, the position of the 
kidney, the course of the renal vessels, bleeding under the kidney capsule and blood 
supply to the ureter. Each bleeding vessel is coagulated, tied or sewn. Lift the 
kidney very gently up and turn it sideways so that the hemostasis can be performed 
optimally. After the complete hemostasis, place the kidney in the best position 
chosen beforehand and proceed to the ureter hemostasis. Any bleeding from the 
ureter wall or tissues surrounding the ureter must be treated at the same time due to 
the danger of a hematoma which may later cause ischemia (necrosis) or a narrowing 
(fibrrosis) of the urine leading to impaired urine drainage from the transplanted 
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Fig. 4.49 1—Small bulldog vascular clamp placed on the renal artery, 2—Renal artery: 
end-to-side anastomosis with the common iliac artery, 3—Venous anastomosis. The moment of 
removing the superior vascular clamp closing the common iliac artery above arterial anastomosis. 
The first (inferior) clamp was removed, closing the distal part of the common iliac artery, 4—slow 
release of the superior vascular clamp, which is closed proximally to the right common iliac artery 
above the anastomosis site during anastomosis 


Fig. 4.50 All vascular clamps removed: renal reperfusion, complete hemostasis. 1—Kidney, 
2—IVC, 3—Renal vein, 4—Renal artery, 5— Common iliac artery 
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Fig. 4.51 1—Kidney: the arrow shows a leakage of urine on a very small area of 2 x 2 mm. 
Living donor kidney. Two days after transplantation, most likely due to unintentional and 
unnoticed burns, coagulation developed ureteral wall necrosis and urine leakage. Necrosis was 
treated with the excision of the ureter to a level above the urine leakage, mobilization of the 
transplanted kidney and bladder, and reimplantation of the unchanged part of the ureter into the 
bladder 


kidney, renal pelvis volume enlargement and finally with radiologic drain from 
outside renal pelvis drainage. To control bleeding from tissues around the ureter, we 
can make use of Argon Beamer coagulation. I would certainly advise against 
classical coagulation because the wall of the ureter is sensitive to heat and coag- 
ulation on and/or around the vessels, even to a small extent, can lead to partial or 
total necrosis of the ureter wall and leakage of urine (Fig. 4.51) [41]. If you are not 
using an Argon Beamer to achieve hemostasis of the bleeding tissues surrounding 
the ureter, my advice is to tie or suture every bleeding vessel in the ureteral area, 
rather than trying to coagulate it. 
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Warning! (Leaning on the abdominal retractor must be avoided) 

Remember that it happens quite often that during renal reperfusion and removal of 
all vascular clamps, despite good pressure, the kidney does not fill and a weak pulse 
is felt on the renal and iliac arteries. At this point the surgeon’s first reaction should 
be to check whether the assistant is leaning on one of the hooks or leaning on one of 
the arms of the abdominal retractor causing complete or partial occlusion of the 
vessels and thus a weak or zero arterial blood supply to the transplanted kidney. 


Warning! (During hemostasis don’t overheat the ureter and/or renal pelvis) 
The renal pelvis and ureter and mainly the wall of the ureter, hate high tempera- 
tures, so they are easily burned and damaged and it is therefore easy to obtain 
necrosis which leads to leakage. 


Warning! (End to end with the internal iliac artery) 

When I started learning kidney transplantation 35 years ago at the Warsaw Medical 
University, the leading technique was end-to-end renal the artery anastomosis with 
the internal iliac artery. This was a long time ago and the arguments in favor of this 
technique were the threat of septic hemorrhage from the place of assembly and 
saving the lower limb. Currently, septic hemorrhage is very rare. In 25 years of 
work experience at Leiden University, I saw it and treated it only twice. I have not 
performed an anastomosis between the renal artery and the internal iliac artery for 
20 years and I consider that the internal iliac artery can be procured and used as a 
tool-kit for the reconstruction of the kidney’s arteries from a living or deceased 
donor. We should remember that the internal iliac artery, as a rule, is the first of all 
iliac arteries to undergo atherosclerotic changes and rapid narrowing and then 
closure. 


Warning! (After reperfusion is there low blood pressure?) 

When the patient following kidney reperfusion has low blood pressure and the 
kidney does not fill with enough blood and is soft and in order to direct more blood 
to the kidney, we can close the iliac artery below the renal artery anastomosis for a 
few minutes and thus direct more blood to the newly transplanted kidney. 


Warning! (After anastomosis try to avoid the purse string effect) 

After finishing the venous and arterial anastomoses, the first knot is tied at a small 
distance from the joint made—in most cases this distance is one-third to one-sixth 
of the joint diameter (1-2 mm). It is important to prevent the formation of a 
narrowing at the site of anastomosis and/or prevent the effect of a purse string 
suture, which consists in damaging or even cutting through the walls of the veins or 
arteries sutured with it. 
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Warning! (When you are tying do not cross the sutures) 

Be careful not to cross the sutures when tying, as the knots containing the crossed 
sutures are much weaker and significantly reduce the strength of the suture. Rupture 
of the suture may threaten the patient with massive hemorrhage, which may lead to 
kidney loss and even the loss of the patient’s life. 


4.9.5 Ureter Implantation into the Wall of the Urinary 
Bladder: Own Modified Lich-Gregoir (LG) Technique 


4.9.5.1 Introduction 


The most important surgical aspects of renal transplantation are the vascular and the 
ureterovesical anastomoses. The ureterovesical anastomosis is the most frequent 
source of morbidity following kidney transplantation. The mean prevalence of 
urological complications ranges between 3 and 5%. However, prevalences between 
1 and 30% have also been described. Urological complications are urinary leakage, 
ureteral stricture, vesicoureteral reflux or significant hematuria [51]. The 
ureterovesical anastomotic technique is an important aspect of kidney transplan- 
tation, which can influence the urological complication rate. Since the start of renal 
transplantation, a number of different ureteroneocystostomy techniques have been 
developed. The most frequently used techniques are the intravesical 
Politano-Leadbetter (PL), the extravesical Campos Freire technique, better known 
as Lich-Gregoir (LG) and the Taguchi or U-stitch (U) technique. Several studies 
have compared these techniques. However, the effect of the ureterovesical anas- 
tomotic technique on the development of urological complications and the preferred 
technique continue to be a subject of discussion. Additionally, the stenting of the 
ureterovesical anastomosis has been recognized as an independent protective factor 
in preventing the development of urological complications after kidney transplan- 
tation. Unstented techniques are often compared with stented or partly stented 
techniques which could introduce the bias. Indirectly or directly, based on studies, 
people try to say which ureter urinary bladder anastomosis can be considered the 
best one [51, 52]. 

Performing the LG technique for ureteroneocystostomy in conjunction with 
stenting the ureter seems to be the most favorable procedure in the setting of renal 
transplantation. By choosing this technique, major postoperative complications can 
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be minimized, resulting in a positive outcome for the patient and the graft function. 
However, there is no consensus about the optimal stent removal time. Further 
research needs to be done concerning the stent removal time and other methods for 
ureteroneocystostomy [55]. 


4.9.5.2 The Ureter Implantation LG Own Modified Technique: 
A Detailed Description (Fig. 4.52) 


Implantation of the ureter begins with exposing the area of the urinary bladder by 
using the appropriate blades of a professional abdominal retractor. After exposing 
the area of the bladder under visual control, through a previously prepared system, 


Fig. 4.52 The ureter implantation LG technique. 1—Urinary bladder, 2—Urinary bladder wall 
detrusor muscle, 3—Mucosa, 4—Opening in mucosa, 5—Spatulated ureter, 6—Anastomosis 
between ureter and mucosa (if bad quality mucosa with a little detrusor muscle), 7—Ureter-bladder 
anastomosis: anti-reflux urinary bladder wall treatment which consists of bringing the previously 
cut bladder detrusor muscle tissue closer together above the anastomosis, 8—Posterior suture 
connecting posterior corners of urinary bladder and ureteranastomosis, 9—Anterior suture 
connecting anterior corners anastomosis between urinary bladder and the ureter 
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Fig. 4.53 1—Bladder filled with warm physiological saline solution, 2—Spermatic cord, 3— 
Semicircular blade of the retractor moved towards the urinary bladder, 4—Lower blade of retractor 
moved downwards for better exposure of the urinary bladder area 


the surgeon or scrub nurse will inject warm Ringer’s solution or physiologic 
natrium chloride solution into the urinary bladder of the recipient. Then, after filling 
the bladder and localizing it, we proceed to the preparation of its wall from the 
surrounding fat. I would like to introduce you to the technique of uretero-bladder 
anastomosis using the LG method (with my own small modification) with the use of 
a JJ catheter stent. The steps are as follows. 


(a) As I mentioned above, bladder filling is usually done under the surgeon’s visual 
and manual control and requires frequent checking with the finger(s) for the 
degree of its filling (Fig. 4.53). 
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Fig. 4.54 1—Opening in the urinary bladder wall along the muscles with a small part of the 
mucosa. From inside of the urinary bladder there is a warm saline solution that was previously 
injected into the bladder, 2—Urinary bladder 


(b) During urinary bladder filling, try to locate its wall with your finger, and then 
very carefully and gently dissect it with the parietal peritoneum, thus making its 
upper and lateral surface visible. After the fat has been removed from the 
external surface of the urinary bladder wall, use diathermy to cut the muscularis 
propria (the detrusor of the urinary bladder), muscle and submucosa over a 
distance of 2.5-3.0 cm, so that the mucosa remains intact. Then, open and cut 
the mucosa with scissors over a distance of 1.5-2.0 cm (Fig. 4.54). 
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Fig. 4.55 When the wall of the bladder and its mucous membrane are cut, the fluid mixed with 
urine starts to flow out into the bladder area. The bladder fluid is taken into the syringe for 
bacteriological examination. 1—The syringe, 2—The fluid is coming out from the urinary bladder 


(c) 


(d) 


Now, the fluid is flowing outside from the opening made in the bladder wall 
into the retroperitoneal space and is collected inside the sterile syringe for 
bacterial examination in order to assess its sterility. In the case of confirmation 
of bacterial content, the fluid should be cultured. If necessary, antibiotic therapy 
is applied after surgery (prolonging or changing the antibiotics given during 
transplantation depends on the result of the bacterial culture) (Fig. 4.55). 

Start the vesicoureteral anastomosis by placing bladder sutures. For this pur- 
pose, use 5/0 or 4/0 absorbable monofilament sutures. Two sutures are placed 
on the bladder wall. The proximal suture is placed from the side of the sper- 
matic cord or the round ligament (posterior) and the distal suture (anterior) is 
placed from the side of the pubic bone. Each suture is armed with two needles. 
The end of the anterior and posterior suture is fastened close to the needles with 
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Fig. 4.56 1—Ureter, 2—Monofilament absorbable suture 5/0 placed on the posterior corner of the 
ureter-urinary bladder anastomosis, 3—Open bladder place of ureter-urinary bladder anastomosis, 
4—Monofilament absorbable suture 5/0 placed on the anterior corner of the ureter-urinary bladder 
anastomosis 


(e) 


vascular clamps with armed jaws. The suture thickness covers the bladder 
mucosa and about a quarter to a third of the thickness of the muscularis propria 
of the urinary bladder. If the bladder mucosa is thin or sick and bleeds easily or 
is short or is of a poor quality, I would never recommend anastomosis of the 
ureter but only the mucosa itself. I believe that the mechanical value of such an 
anastomosis is almost none. The two stretched sutures in the cephalic direction 
and in the direction of the pubic symphysis form a straight line, and the bladder 
intersection line is an extension of the ureter (Fig. 4.56). 

Find the physiological position of the ureter. If it is twisted, unscrew it, then 
pull it under the spermatic cord or the round ligament of the uterus and adjust 
its length from the kidney to the anastomosis with the bladder. Before starting 
anastomosis, remember to properly prepare the end of the ureter, which 
includes removing excess tissue while maintaining its good blood supply. Use 
sharp scissors to shorten the ureter to the desired length or, if it is long enough, 
cut it a few millimeters, refreshing its end. After cutting the ureter if it is 
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Fig. 4.57 1—Sharp vascular scissors, 2—The end of the ureter, after shortening or refreshing the 
end, is incised along its long axis (spatulated), 3—Semicircular blade of retractor is moved to the 
bladder region 


(f) 
(g) 


needed, perform a perfect hemostasis of the bleeding tissues around the ureter. 
Please note that each anastomosis of the uretero-bladder must be performed 
without tension and bleeding from the ureter and/or surrounding tissues. 

The end of the ureter is cut 1.5-2.0 cm along its long axis and adjusted to the 
hole previously made in the bladder (Fig. 4.57). 

Start the uretero-bladder anastomosis with the posterior suture, which has ini- 
tially punctured into the bladder wall. So, first open the vascular clamp that 
holds the two ends of the proximal suture. Choose the suture coming from the 
lumen of the urinary bladder, and then grab the needle of the same suture in a 
needle holder. At the same time, the assistant lifts the ureter upwards with 
forceps, and the operator—if necessary—inserts the forceps very gently into the 
lumen of the ureter and punctures it from the inside to the outside with the 
needle through the wall of the ureter at a distance of 2-3 mm from the posterior 
comer of the ureter. Both ends of the suture are fixed with a vascular clamp 
armed with plastic sheaths near the needles. Now we select the suture inside the 
bladder in the distal corner, release the suture from the vascular clamp, take it in 
a needle holder and puncture it from the inside to the outside in the distal corner 
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Fig. 4.58 The ureter is tied on and cut to length. Incised anti-mesenteric ureteral wall. 1—Ureter, 
2—Spermatic cord, 3—Posterior suture connecting the posterior corners of the urinary bladder and 
ureter anastomosis, 4—Anterior (distal) suture connecting the anterior corner anastomosis between 
the urinary bladder and ureter. 3 and 4—The anterior and posterior sutures shown in the photo are 
pierced through the ureteral wall 


of the ureter. Fasten both ends of the suture with a small vascular clamp with a 
plastic or rubber band (Fig. 4.58). 

(h) At this point, the transplant surgeon introduces a delicate guidewire through the 
side opening into the catheter, the purpose of which is to facilitate insertion of 
the catheter into the pelvis of the transplanted kidney (Fig. 4.59). 

(i) The anterior and posterior sutures between the ureter and bladder are not tied, 
allowing the ureter to be moved at considerable distance from the bladder for 
the safe insertion of the JJ catheter through the lumen of the ureter into the renal 
pelvis (Fig. 4.60). 
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Fig. 4.59 1—JJ Catheter with the guide inserted into the lumen, 2—A very delicate catheter guide 
is constructed in such a way that one end of the catheter is quite stiff and the other end is soft 


Fig. 4.60 1—Placement of the JJ catheter into the ureter and renal pelvis of the transplanted 
kidney, 2—Urinary bladder, 3—One of the sutures, between the bladder and ureter, of the 
posterior corner suture 
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Fig. 4.61 Placing the JJ catheter into the lumen of the urinary bladder. 1—JJ catheter, 2—Ureter, 
3—Bladder, 4—Anterior corner suture connecting the anterior corner of the ureter with the 
anterior corner of the urinary bladder anastomosis, 5—Suture connecting the posterior corner of 
the ureter and urinary bladder before tying 


(j) The next step is to withdraw the guidewire from the JJ catheter placed through 
the ureter in the renal pelvis and to insert it into one of the lower side openings 
of the distal part of the JJ catheter and then to insert it into the urinary bladder. 
Hold the JJ catheter with two forceps and pull the guidewire out of the distal 
end of the JJ catheter and from the urinary bladder. Lift the previously applied 
sutures on the ureter and bladder slightly upwards and check if the edges of the 
bladder and ureter fit and adhere to each other without any tension. Check the 
position of the inserted JJ catheter (Figs. 4.61 and 4.62). 


Warning! 

After inserting the catheter into the ureter, the renal pelvis and the urinary bladder, 
you should see its position. It is important to see if the catheter lies in the renal 
pelvis and has not gone outside through the wall of the ureter, renal pelvis, kidney 
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Fig. 4.62 The beginning of the uretero-urinary bladder anastomosis. 1—The posterior corner 
suture will be tied first, 2—Bladder, 3—The anterior suture will be tied at the end of the 
anastomosis or not at all 


parenchyma or urinary bladder wall. It is also important to check if the end of the 
catheter is in the ureter, if the catheter does not close the ureter and if the catheter 
does not fold. Remember that when the catheter is badly positioned, it must be 
repositioned, even if this would cause us to break down the vesicoureteral anas- 
tomosis and perform a second one. 


Renal pelvis puncture or parenchyma occurs quite often in the kidneys of small 
and young donors when there is no resistance when inserting a JJ catheter. 

If you are confronted with this type of complication during kidney transplan- 
tation, your first reaction should be as follows: 


— always pull the catheter back and place it in a good position (in the renal pelvis). 
— check the possibility of bleeding outside the kidney and into the renal pelvis. To 
control bleeding, use a suture, an Argon Beamer and coagulation topical 
hemostatic agents to break down the ureter-bladder anastomosis in the ureter 
lumen. Insert a small thin drain and move it very gently towards the renal pelvis. 
Close the lumen of the ureter with your fingers and flush very slowly and gently 
the warm Ringer’s solution or 0.9% NaCl physiological solution into the renal 
pelvis and check for a leakage and/or bleeding. If there is a leakage through a 
small hole in the ureter, renal pelvis wall or renal parenchyma, suture it. If the 
bleeding comes back after flushing, you have to compress the renal pelvis for 
approximately 10-15 min or break down the anastomosis between the ureter and 
the urinary bladder and flush the ureter and renal pelvis with warm Ringer’s 
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solution or physiological saline solution to check if there is still bleeding. If the 
above mentioned fail, ask a consultant of the Urology Department to perform a 
ureteroscopy and to stop the bleeding. The passage of the ureteroscope may 
result in a swelling in the ureter. Therefore, it may be necessary to temporarily 
leave a JJ, called a ureteral stent, inside the ureter temporarily to ensure that the 
kidney drains urine well. Another option is to perform the transplantation and to 
ask the interventional radiologist afterwards to perform an angio-CT and to treat 
the bleeding (coiling). In an extraordnary situation, if the bleeding is under 
control, accept the thrombi or even a big thrombus in the renal pelvis and the 
ureter. If the kidney starts to produce urine (which consists of urokinase which 
will dissolve all the clots over time) it will thus restore the normal route of the 
urine outflow from the kidney to the urinary bladder. 

remember that every time the JJ slides out of the renal pelvis into the ureter, it 
may perforate, bend or completely close its lumen. 


After checking the position of the JJ catheter at the site of anastomosis, the 


posterior suture is released from the vascular clamp and tied. At the same as the 


Fig. 4.63 Anastomosis of the transplanted kidney ureter with the recipient’s bladder. 1—Ureter, 
2—Bladder, 3—Anterior corner suture connecting ureter to the bladder. 4—Spermatic cord 
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assistant lifts the ureter up with a gentle tension, he or she must pay attention during 
the tying to avoid alien tissues (fat tissue or the peritoneum) between the mucosa of 
the ureter and the urinary bladder. After tying, the left half of the suture is placed 
under the ureter and pulled towards the left side of the recipient and fixed with a 
small vascular clamp. The distal suture is not tied, but gently stretched (by the scrub 
nurse or assistant) under small tension in such a way that the edges of the ureter and 
bladder walls adhere perfectly to each other. Start to perform the anastomosis first 
from the posterior corner (proximal suture) and insert the needle from the outside 
into the ureter lumen and then from the inside of the bladder to the outside puncture 
of the bladder mucosa (Fig. 4.63). In most cases anastomosis is done with a running 
suture from the right and left side of the ureter with an absorbable monofilament 5/0 
or 4/0. The ureter and the urinary bladder mucosa are mostly sutured 2-3 mm from 
their edges and the distance between the sutures is about 2-3 mm. The right and left 
running suture is finished about 4-5 mm before the distal suture and is located in 
the distal corner. The distal suture is then cut and removed. Both sutures are 
stretched by the assistant in such a way that they form a straight horizontal line with 
the ureter and the mucosa of the urinary bladder. The right suture is fixed with a 
small vascular clamp and the anastomosis is now performed by using the left suture 
—from the left to the right side. Finally, when the anastomosis is finished the 
sutures are tied and cut (Fig. 4.64). 


Fig. 4.64 Completed urinary bladder—ureter anastomosis. 1—Spermatic cord, 2—Transplanted 
kidney’s ureter, 3—Urinary bladder wall 
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Warning! (The anastomosis between the ureter and urinary bladder must be 
tight without any leakage of urine) 

The vesicoureteral anastomosis must be tight and impervious to urine, therefore, 
when connecting the ureter with the bladder, in order for the anastomosis to be 
tight, it is necessary to take the suture together with the bladder mucosa and 
submucosa up to 30-50% of the urinary bladder muscle (layer of detrusor muscle). 
This maneuver will greatly strengthen and seal the entire anastomosis, especially 
when the bladder mucosa is very thin or fragile, for example in the event of 
repeated ureteral implantation into the bladder, in multiple bladder operations, or 
when the intestine is used to expand the bladder. If the ureter’s wall is of a poor 
quality, a mucosa plus submucosa plus ureter’s wall anastomosis can be performed. 


(k) The last stage of the vesicoureteral anastomosis is to bring the edges of the 
bladder closer together above the anastomosis. We place two separate superficial 
transverse sutures in the bladder wall covering the anastomosis (Figs. 4.65 and 
4.66). The stitches are tied loosely over the uretero-bladder anastomosis in order not 
to cause ureteral ischemia, so that the tissues above the anastomosis are slightly 
close to each other (Fig. 4.67). 


Fig. 4.65 Ureter-bladder anastomosis: anti-reflux urinary bladder wall treatment which consists 
of bringing the previously cut bladder muscle tissue closer together above the anastomosis. 
1—Spermatic cord, 2—Ureter, 3—First suture anti-reflux treatment closing the muscles above the 
anastomosis (which can be closed with an interrupted or continuous suture) 
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Fig. 4.66 Anti-reflux surgical treatment of the ureter-bladder anastomosis by bringing the 
previously cut bladder muscle tissues closer together over the anastomosis. 1—Cut bladder 
muscles that are sewn together above the anastomosis: the second suture, 2—Ureter, 3—Spermatic 
cord, 4—The first suture applied and tied from the side of the anterior corner of the vesicoureteral 
anastomosis 


(1) Uretero-bladder anastomosis can be completed with an anastomotic leak test 
by administering warm physiologic natrium saline chloride or Ringer’s solution 
into the bladder. Administer the sterile fluids very slowly under eye observation, 
palpate the bladder and constantly check the degree of the bladder filling, while 
checking the tightness of the uretero-bladder anastomosis. 


Warning! (Do not fill the urinary bladder without closely monitoring the 
degree of filling) 

Remember that excessive bladder filling can lead to bladder damage, e.g. transi- 
tional epithelium, lamina propria, submucosa and/or muscle cracking and bleeding 
from the damaged bladder wall. Consequently, the bladder even requires sometimes 
to be opened or an intervention by a urologist. Filling the urinary bladder, before 
the kidney transplantation, may be a mistake because of the significant reduction of 
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Fig. 4.67 1 and 2—Two sutures bringing the bladder muscle tissue closer to above the ureter 
urinary bladder anastomosis, 3—Completion of uretero-vesical anastomosis 


access to the iliac arteries and due to the small and long unused bladder. 
Additionaly, it can be very dangerous for the urinary bladder mucosa and in some 
cases lead to bleeding or even rupture of the urinary bladder. 


4.9.5.3 Ureterovesical Anastomosis and Urinary System 
Decompression With or Without Decompression (Splint)? 


The European Association of Urology recommends universal usage of stents in 
renal transplant recipients due to strong evidence of preventing postoperative 
complications. The benefits of stenting the ureter are especially associated with 
facilitating the healing process of the performed anastomosis, which is often the 
source of postoperative complications. Stenting protects the ureter also from urinary 
leak. Moreover, ureteral obstruction as a result of postoperative swelling of the 
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mucosa or external compression can be prevented. However, even though the 
benefits of an inserted stent during implantation are indisputable, possible com- 
plications should not be underestimated and should be taken into consideration. The 
most common and important complications associated with stents are urinary tract 
infections (UTIs). Stented patients have higher rates of UTIs even after their 
removal. Besides UTIs, stent migration, encrustation, pain and bladder discomfort 
may also occur. Stents may also be forgotten in situ, which may lead to further 
complications as reported by Friedersdorff et al. [53] and Bardapure et al. [54]. 
Additionally, Siparsky et al. demonstrated a higher risk for BK virus in stented 
renal transplant recipients. The BK virus may cause BK nephropathy, resulting in 
graft impairment and even graft loss [54]. 

In general, stent-related complications are especially seen in patients when the 
stent is left for a longer period in situ. Patel et al. [58] also demonstrated a better 
quality of life in patients with early stent removal. However, there is no consensus 
about the optimal time of stent removal. In most centers, stents are removed 
between two and six weeks after the transplantation. Since a later stent removal 
shows a higher risk for stent-related complications, some authors advocate an early 
removal of the stent after three weeks. Although stent-related complications may be 
reduced by an early removal, there still is some concern about higher rates of 
urinary leak and ureteral obstruction when they are removed too early. However, 
there is no doubt that a transplant ureteral stent reduces the incidence of major 
urologic complications, even when placed for a short period of time and removed 
after only five to seven days. More research is needed in order to define and 
determine an optimal stent removal time. 

The issue of decompressing the vesicoureteral anastomosis with the JJ catheter is 
still an international debate. Of course, those who do not use this method believe 
that it is not necessary, and those who use it have the opposite opinion. My personal 
experience can be divided into two stages: 15 years without and 15 years with a JJ 
catheter. Well, my personal opinion is very positive and in any case I recommend 
decompression of the vesicoureteral anastomosis with the JJ catheter. For how long 
you should keep the JJ catheter for decompression of the urinary system and 
anastomosis depends on many factors, including whether it is a first, second or third 
kidney transplant, the type and number of surgeries performed on the bladder in the 
past, excision of the bladder wall or if the patient had bladder enlargement surgery 
with one of the intestines. The results of the systematic review from the Imperial 
College Renal and Transplant Centre clearly point favorably towards an earlier stent 
removal around three weeks as opposed to the six weeks that is currently used in 
most transplant centers. An early removal, earlier than three weeks after the 
operation, results in fewer urinary tract infections without negatively affecting the 
anastomosis between the ureter and urinary bladder. There is also information in the 
literature that the JJ catheter can be removed from the bladder after seven days 
together with the urinary bladder catheter. Some centers create therefore special 
constructions to take out the JJ catheter in the period less than two weeks after the 
operation. These constructions consist for example of suturing the end of the JJ 
catheter with the end of the urinary bladder catheter. In my experience, removing 


348 4 Kidney Transplant Surgery Techniques 


the JJ catheter about two weeks after the surgery gives the best results, promotes 
healing of the anastomosis and prevents stenosis and urine leakage. Of course, the 
use of the catheter never protects the patient 100% against urine leakage, con- 
striction or ureter necrosis. Let us remember that the kidney transplant is performed 
not only by experienced surgeons, but also by surgeons who are just learning this 
difficult art. Their technique of connecting the ureter to the bladder is not always 
ideal, they often work without magnifying glasses, sufficient supervision and at 
night or in the morning when the whole team is already very tired. In our clinic, 
15 years after the introduction of the JJ catheter the number of diagnosed leaks in 
160-170 transplanted kidneys per year has decreased from 8—10 to 0-3 cases. Of 
course, the incidence of UTIs increased and some JJ catheters had to be removed 
by the urologist earlier than assumed. Remember that a UTI in a patient after 
kidney transplantation with a JJ catheter placed in the urinary system before its 
removal is an indication to start antibiotic treatment. Only when the antibiotic 
therapy becomes ineffective as a result of the development of strains of bacteria 
which are resistant to treatment, should the JJ catheter be removed as soon as 
possible. 


4.9.5.4 Urinary Diversion in Kidney Transplantation 
4.9.5.4.1 Introduction 


The earliest attempt to divert the urine flow from the ureters to the intestine was 
performed in 1851 by John Simon. In the absence of antibiotics, ureterosigmoi- 
dostomy and its modifications during the 19th and early 20th century have been 
associated with a high rate of surgical and metabolic complications. In 1910, Robert 
Coffey demonstrated a new method for ureterointestinal anastomosis, which ren- 
ovated the primary enthusiasm in ureterosigmoidostomy and gained broad popu- 
larity during the next 40 years. In 1950, Ferris and Odel reported an 80% incidence 
of hyperchloremic metabolic acidosis following ureterosigmoidostomy. Based on 
further investigations by Lapides in 1951, Parsons, Powel and Pyrah in 1952, and 
Stamey in 1956, which clearly demonstrated that hyperchloremic metabolic aci- 
dosis is an inevitable complication of the ureterosigmoidostomy, this urinary 
diversion lost its popularity. In the 1950s the ileal conduit, popularized by Bricker, 
became the gold standard for the procedure. Early attempts at continent urinary 
diversion occurred from 1888, by Guido Tizzoni and Alfonso Poggi, while the first 
reservoir-type ileal loop urinary diversion was performed by Cuneo in 1911. By 
better understanding of the principles of detubularization, based on the work of 
Kock, and the principles of clean intermittent catheterization, established by 
Lapides, interest in continent urinary diversion has increased. Up to date, various 
continent cutaneous stomal reservoirs, sigmoidal-rectal pouches and orthotopic 
bladder substitutes have been described. Regarding the encouraging improvements 
in biocompatible materials, alloplastic bladder replacement could be the next step 
for the future in bladder replacement surgery [56, 87]. 
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4.9.5.4.2 Surgical Performance Techniques of Ileal Conduit and Ureter 
Conduit Connections 


There are variations in approach to the formation of an ileal conduit; however, the 
main principles of the operation are described here. It can be performed open via a 
laparotomy, laparoscopically or robotically assisted. The first stage consists of 
isolating the ileal loop of approximately 15 cm long and situated 15 cm from the 
ileocecal junction [57]. This segment of the ileum is then inspected for its suitability 
as a conduit; for example, no evidence of inflammatory bowel disease. Next, it is 
important to ensure that the identified ileum will reach the stoma site tension free 
before dividing it and that the vascular arcade within the mesentery is not disturbed. 
In obese patients, the length of ileum needs to be longer to avoid tension on the 
stoma. The mesentery to the selected ileal segment must be divided with care to 
preserve the blood supply to both the conduit and the ileo-ileal anastomosis; a Kelly 
clamp and ties can be used or an energy device. When dividing the bowel, it is 
important to mark the distal end that will form the stoma. A GIA (Endovascular 
Gastrointestinal Stapler) stapler or non-crushing clamps and scalpel can be used to 
divide the bowel. The remaining two ends of the ileum are anastomosed using a 
stapled or hand-sewn technique to restore the bowel continuity, and the mesenteric 
window is closed with Vicryl sutures. Upon completing the anastomosis, the ileal 
segment for the conduit should be below that of the ileal anastomosis [56, 87]. The 
second stage involves mobilizing the patient’s own ureters or performing a ureteral 
connection of the transplanted kidney with an early performed ileal conduit. The 
anastomosis of the patient’s own ureter without a kidney transplant is essentially the 
same as the implantation of the transplanted kidney’s ureter into the conduit. 
A number of surgical techniques for connecting the patient’s own ureter or the 
ureter into the ileal conduit will now be described. This operation should be per- 
formed from the lateral side of the ureters as much as possible to preserve their 
blood supply. The distal ends of the ureters should be handled as little as possible to 
avoid traumatizing the tissue that is required for the anastomosis. The left ureter is 
moved to the right side of the abdomen through a window created in the mesentery 
behind the sigmoid colon. It is important that the blood supply to the sigmoid colon 
is not compromised and that the window is wide enough to avoid any constriction 
or tension on the left ureter. The distal ends of the ureters can be cut and sent for 
analysis to see if there is an extension of cancer. 

The third stage is the uretero-enteric anastomosis; this can be an end-to-side 
anastomosis (Bricker technique) where the two ureters are anastomosed to the 
proximal end of the conduit at slightly different locations to avoid any compromise 
in blood supply. A full-thickness enterotomy is created on the side of the conduit; 
the ureter is spatulated and then anastomosed to the conduit taking interrupted 
full-thickness bites of both the ureter and bowel using 4/0 or 5/0 PDS (p-dioxanone 
absorbable monofilament suture). The adventitia of the ureter is sutured to the 
serosa of the bowel. A small full-thickness serosal and mucosal plug is removed. 
Interrupted 5/0 PDS sutures approximate the ureter to the full thickness of the 
mucosa and serosa. The anterior layer is completed by the interrupted sutures 
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placed through the adventitia of the ureter and the serosa of the small bowel [88]. 
A ureteric stent can be placed across the anastomosis and securely fixed to the 
conduit. The Wallace technique is another popular uretero-enteric anastomosis that 
requires the proximal end of the conduit to be left open initially and then closed 
with the two ureters anastomosed over the end. The ureters are spatulated and laid 
adjacent to each other to be stitched together using PDS, both apexes are aligned 
together, and the distal ends of the ureters are combined. The free edges of the 
ureters are then anastomosed to the open end of the conduit sealing it off. One 
potential downside to the Wallace technique is that a recurrence in one ureter may 
compromise the other ureter. No matter which technique is used, several surgical 
principles apply to both techniques, including maintenance of an adequate distal 
ureteral blood supply, a tension-free anastomosis, and avoidance of ureteral kinking 
or twisting. The fourth stage is creating the stoma via a trephine incision where a 
circular piece of skin is removed at the pre-marked stoma site, followed by the 
dissection down to the anterior rectus sheath where a cruciate incision is made. 
Below the anterior sheath, the rectus muscles are split, and then entry into the 
peritoneal cavity is gained. The hole in the fascia should be able to admit two 
fingers. Once this has occurred, the distal end of the conduit is delivered through to 
the skin using a Babcock, ensuring there is no twist in the conduit. The stoma is 
then matured and spouted to prevent excoriation of the skin around the stoma site. 
The difference between the anastomosis of the patient’s own ureter and the ileal 
conduit is that the ileal conduit in kidney transplantation patients is created much 
earlier for this purpose by the urologist and in order to mature for transplantation. It 
is usually created on the right side of the abdominal cavity at different heights, so it 
is important to assess before transplantation the position of the kidney in relation to 
its ureter [56, 89-91]. 


4.9.5.4.3 Complications 


Early complications (less than 90 days) include those involving the bowel, such as 
obstruction, anastomotic leak and ileus. Ileus can occur in up to 20% of cases and is 
often the reason for prolonged hospital admission. The urinary leak is also 
important to consider and accounts for about 7% of complications [56, 89]. This 
often occurs due to tension at the anastomosis. 

Delayed complications (more than 90 days) include those involving the newly 
formed stoma, such as parastomal hernia, retraction or stenosis and bleeding. 
Frequent UTIs can often be a problem for patients, and up to 6% end up dying from 
end-stage renal failure. These patients are also predisposed to develop renal stones; 
ultrasound (USS) imaging can detect this. Metabolic complications can be of sig- 
nificant consequence; hence regular follow-up is needed to ensure if the electrolytes 
are normal, and if the patient is not acidotic [89]. 
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A patient with urinary deviation who needs a kidney transplant is a complex patient 
and the creation of an ileal conduit usually takes place before the kidney transplant 
operation. First, the type of incision must be adjusted to the position of the ileal 
conduit on the abdominal surface. After making the incision and dissecting the iliac 
vessels, we must dissect the peritoneum along the entire length of the incision to 
locate the ileal conduit. I personally help myself in finding the conduit with different 
probes of an intra- and extrahepatic biliary tree. After cutting the peritoneum and 
performing adhesiolysis in order to locate the conduit, I insert my left hand into the 
abdominal cavity from the outside and from the surface of abdominal wall I insert 
through the ileostomy skin opening a thick metal curved biliary probe into the ileal 
conduit. Moving the probe in the ileostomy and palpating from inside makes it 
possible to locate the conduit. After finding it, its ileum part should be carefully and 
precisely dissected from the surrounding tissues taking care not to damage the 
mesentery of the vascular conduit and therefore does not cause any damage to the 
blood supply. The most important steps of this operation are that before the 
transplantation everything must be completely dissected, so the iliac vessels should 
be dissected, the ileal conduit should be located and dissected so that the ureter can 
be anastomosed to it immediately after the kidney transplantation. Never transplant 
a kidney and then search for the ileal conduit because firstly it will be difficult to 


Fig. 4.68 Urinary diversion in kidney transplantation. Transplanted kidney with ureter pointing 
upwards upwards and anastomosis of the transplanted kidney to the ureter with an ileal conduit. 
(Bricker technique). 1—Transplanted kidney, 2—Iliac artery, 3—Iliac vein, 4—Renal artery, 
5—Renal vein, 6—Upward facing ureter of the transplanted kidney, 7—Ileal conduit, 
8—Ascending colon, 9—Ileo-ileal end-to-end anastomosis, 10—Ileum 
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find and secondly the ureter will fold and then you will not be able to find its best 
position. Again I repeat, the safest technique is the one where everything is dis- 
sected. Now you can take care of measuring the kidney and the ureter, so that the 
vessels do not fold and are not twisted and so that the ureter by turning a gentle 
hatch can be anastomosed to the ileal conduit without tension and of course so that 
it does not fold either. To sum up, in order to obtain an optimal position of the 
kidney and the ureter, often the kidney must be grafted upside down with the ureter 
facing upwards. Of course, the whole ureteral anastomosis must or should be 
drained with one or two JJ drains. The operation is completed with the application 
of a ureterocutaneostomy catheter followed by the whole ileostomy and catheter 
which are inserted into the stoma bag. In the Sect. 4.9.5.4.1.2 the surgical technique 
of anastomosis between the ureter of the transplanted kidney and the ileal conduit 
was described in detail (Fig. 4.68). 


4.9.5.4.5 Results 


Surange et al. [90] investigated 59 renal transplants which were drained into an ileal 
conduit. There were 12 living related and 47 cadaveric kidneys transplanted. Spina 
bifida, the most common cause of end stage renal disease, was seen in 22 patients 
(41%). Actuarial graft survival was 90% at 1 year, 63% at 5 years, 52% at 10 years 
and 52% at 15 years. Actuarial patient survival was 95% at 1 year, 83% at 5 years, 
69% at 10 years and 69% at 15 years. Graft and patient survival was statistically 
similar to the outcome of the 2579 other transplants done at our center between 
January 1980 and December 2001. At a mean follow up of 4.6 years (range 0.1—20) 
mean serum creatinine was in the 39 functioning grafts 156 mmol/l. Of the surgical 
complications 21% were directly attributable to the ileal conduit and it could be 
considered a risk factor contributing to the complication in a further 39%. 
Symptomatic UTI was noted in 65% of the patients, although it did not lead to graft 
loss. Kidney transplant drainage into an ileal conduit for urinary diversion is an 
effective treatment for patients with an end stage renal disease due to abnormal 
lower urinary tracts. Despite the preexisting comorbidity and the increased com- 
plication rate, patient survival of the long-term graft is comparable to the one in the 
normal transplant population [90, 91]. 


4.9.5.5 Completion of the Operation (Which Is Worth Remembering) 
4.9.5.5.1 Perfect Hemostasis 


After the uretero-bladder anastomosis is completed, we draw our attention to the 
transplanted kidney: I personally use the automatic abdominal retractor to reveal the 
whole transplanted kidney once more. As many times as needed, rinse the kidney 
and its surroundings with warm physiologic natrium chloride solution or lactate 
Ringer’s solution. Pay particular attention to the hemostasis. Use for example an 
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Fig. 4.69 Last stage of kidney transplantation: exact hemostasis. 1—Argon beamer in action for 
perfect hemostasis, 2—Transplanted kidney 


Argon Beamer and/or coagulation for it (Fig. 4.69). If necessary, use different 
topical hemostatic agents, especially around the renal pelvis and ureter, then check 
the vascular anastomosis for tightness (a too loosely tied suture, injury of vessel 
wall, too large a distance between the sutures). Finally, pay attention to subcapsular 
bleedings, the position of the kidney in relation to the renal vessels, and its blood 


supply. 


4.9.5.5.2 Drains 


Peri-graft collections and wound complications are common after transplantation. 
Drain placement is not associated with a significant reduction in wound compli- 
cations kidney transplant and does not reduce the risk of clinically significant 
peri-graft collections. Since it is associated with a reduced need for imaging to 
diagnose collections, it has the potential to reduce transplant costs. Adult kidney 
transplantation is most commonly made into an extraperitoneal potential space, and 
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surgically placed drains are used routinely in many centers. There is limited evi- 
dence of clinical benefit for prophylactic drainage in other major abdominal and 
vascular surgery. These data associate a higher rate of more frequent accumulation 
of fluid around the transplanted kidney collections with omission of prophylactic 
drainage, without a difference in the incidence of wound-related complications. 
Further research is required to definitively determine the impact of drains in this 
patient group [57]. Transplantation is, however, a unique setting combining organ 
dysfunction and immunosuppression, and the risks and benefits of prophylactic 
drain placement are not known [61]. 

The next problem that is always widely discussed is the drain or drains place- 
ment in the area of the transplanted kidney. Personally, I leave after transplantation 
one or two vacuum drains. The arguments that are given by the opponents of drains 
against the draining of the area of the transplanted kidney are that leaving the drain 
in the area of the kidney does not always prevent the accumulation of fluid and that 
the drains are a source of “infection” or a foreign organism whose colonization 
“only awaits” bacteria, fungi and viruses. Fluids that may collect around your 
transplanted kidney include blood, lymph, urine, dialysis fluid or peritoneal exudate 
(ascites). A build-up of fluid around your transplanted kidney can become infected. 
The infected and uninfected fluid collection may compress the parenchyma, renal 
pelvis, ureter and/or renal vessels. The renal vein and ureter are especially sensitive 
to pressure from the outside. The first question that arises, of course when we are 
the supporters of drains, is what kind of drains can we use to drain the area around 
the transplanted kidney? Silicone surgical drains (without a vacuum)—I do not use 
them immediately after transplantation, but often after each reoperation, especially 
when the fluid collection is/was infected or there is a need to rinse the site of 
infection. I also use them when I surgically drain lymphocele. The advantages of 
vacuum drain(s) include the creation of negative pressure in the retroperitoneal 
space which in turn promotes faster sticking of the peritoneum to the kidney, ureter, 
vessels and other structures of the retroperitoneal space because they cause elimi- 
nation by suction of the air and fluid collection forming in the area of the trans- 
planted kidney. The disadvantage of Redon drains is their stiffness and ease of 
clogging. The rigidity and hardness of these drains do not allow them to be kept for 
long close to the vessels or vascular anastomoses and the area of the ureter. Another 
drain that I have never used, but have seen other surgeons use, is the Blake drain. 
This drain differs from the Redon drain in that it has longitudinal grooves instead of 
side holes. Drainage occurs over a larger area, and the phenomenon of orifice 
occluding is rare in this type of drain. Blake drains come in a variety of configu- 
rations in length, thickness and groove distribution, and according to the literature 
are much less rigid than Redon tubes. JP drains I have been using for several years: 
the Jackson-Pratt silicone vacuum drains. The JP is a soft drain, has a cuboidal 
cross-section and a large number of holes. It can be kept in the transplanted kidney 
area for longer without fear of causing injury. After each transplantation, I place one 
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or two JP drain(s) and put them around and behind the kidney in order to drain all 
the space around it, including the vascular and ureter anastomosis. How long do I 
keep a drain or removes in the extraperitoneal space? Firstly, you have to answer 
the question how many milliliters of fluid a drain drains per day, and secondly, what 
kind of fluid drained: urine or lymph? The results of aboratory measurements in the 
fluid of creatinine or triglyceride are very important here. If the drain does not 
remove either urine or lymph, I take it out when it has “produced” less than 20- 
30 ml of fluid over the last two days [46]—with no evidence of fluid collection by 
ultrasound examination. If the drain “produced” or “produces” more than 30 ml of 
liquid, I leave it. 

It should also be asked how many drains should we use: one, two or maybe 
three? How are the drains located? drain is attached to a needle and pierced through 
the side wall (side flank) of the abdomen from the inside to the outside of the 
abdominal wall (right or left flank) and pulled out along with the needle. In the case 
of an IP, the drain is passed from the extraperitoneal space through the lateral flank 
of the abdominal cavity at half the distance between the lower and upper poles of 
the kidney. Sucking part of the drain is placed behind the upper pole of the kidney 
and then descends along the iliac vessels, behind the ureter towards the urinary 
bladder. 

In the case of using two drains, both are led out through the side wall (side flank) 
of the abdominal wall. The upper drain is located behind the upper pole of the 
kidney, turns downwards and travels along the iliac vessels towards the bladder. 
A second drain extends downstream from the side flank of the abdominal wall and 
runs behind the lower pole, along the ureter, towards the bladder, where it then 
returns upwards along the iliac vessels. 


4.9.5.5.3. Wound Closing 


If the incision covers the posterior sheath of the rectus abdominal (above the arcuate 
line), we sew it with a continuous absorbable suture, preferably 2/0 monofilament. 
Sew the anterior sheath of the rectus abdominal with the same, but thicker suture— 
1/0 or 0/0. The question how to deal with the subcutaneous tissue: to suture it with a 
continuous suture or single stitches or not to suture? I stitch the entire thickness of 
the subcutaneous tissue with a continuous suture. Especially in obese patients, I try 
to leave a few dead spaces. In very obese people, I drain the subcutaneous tissue 
with the JP drain and suture the subcutaneous tissue tightly over it and use 
PREVENA (incision management system). The sewing must be tight, and channel 
must fit tightly to it, so that it works and does not suck the air in from the outside. 
The skin is usually sewn with an intracutaneous suture (Fig. 4.70) or closed with 
titanium staples. The operation ends with a dressing or very often with PREVENA. 
This system uses negative pressure—like a vacuum—to help to protect and heal 
your incision at the skin surface as well as below. The PREVENA system can be 
used on different incision types. PREVENA protects the incision from external 
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Fig. 4.70 Completion of the operation. 1—The wound is closed with an intracutaneous suture, 
2—JP drain has been placed behind the lower pole of the kidney, behind the ureter in the medial 
direction from the pelvic vessels to the bifurcation of the abdominal aorta, 3—Final wound closure 


contamination, helps hold incision edges together, removes fluid and infection 
materials, and delivers continuous negative pressure at -125 mmHg for up to seven 
days. If the patient cannot tolerate a negative pressure of 125 mmHg after surgery 
and complains of pain in the wound, the pressure should be reduced to 80 mmHg 
[61]. 

Examples of kidneys transplanted to the right side are shown in Figs. 4.71, 4.72 
and 4.73. 


Warning! 

After the vascular anastomosis is complete and the vascular clamps are released, not 
all kidneys will have a beautiful pink color, and also not all of them will start 
producing urine immediately. Some kidneys have spots, others will turn purple or 
be soft or hard under normal arterial blood pressure and also with normal blood 
inflow and outflow from the transplanted kidney. Nothing should be done with this 
type of kidney in the sense that, after completing the transplant, it is always worth 
the position of the kidney and to measure the flows in the renal and iliac vessels. If 
the flows are normal, and there is no arterial dissection, the kidney must be given a 
chance to regenerate and heal. Such kidneys require constant daily monitoring in 
the form of a blood flow test, such as a color Duplex Doppler sonography of the 
renal and iliac vessels and the renal’s parenchyma, a MAG3 renal scan and/or a 
renal normal or dynamic scintigraphy. 
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Fig. 4.71 Example of a kidney transplanted to the right side of the body. 1—Kidney, 2—Renal 
artery with aorta patch, 3—Renal vein, 4—Common iliac vein, 5—Common iliac artery, 6— 
Through the ureteral wall visible JJ catheter located from the pelvis of the kidney through the 
anastomosis of the ureter with the urinary bladder, the end of which is located in the urinary bladder 


P 


Fig. 4.72 Example of a kidney transplanted to the right side of the body. 1—Right common iliac 
artery, 2—Renal artery, 3—Patch from the IVC with three renal veins, 4—Right external iliac 
artery, 5—External iliac vein, 6—Common iliac vein 
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Fig. 4.73 Example of a kidney transplanted to the right side of the body. 1—Kidney, 2—Renal 
artery, 3—Renal vein, 4—External iliac artery, 5—Ureter, 6—Open biopsy site, the sample was 
taken from the lower pole of the kidney 


4.10 Kidney Transplantation on the Left Side 


4.10.1 Introduction 


You could say that there are no differences in the transplantation of the kidney on 
the right and left side, because on both sides the operation consists of performing 
renal anastomoses with the recipient’s iliac vessels and bladder. However, the 
surgeon who has been involved in kidney transplantation for many years will say 
that this is not true because there are some big differences. As I have said before, it 
is easier for a surgeon to transplant to the right side and more difficult sometimes to 
transplant to the left side. In this section I am not going to describe the stages of the 
transplantation process that is common to the right and left kidneys again. Rather I 
will focus on describing the anatomical and technical differences in kidney trans- 
plantation to the left side. 
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4.10.2 Differences in the Position of the Iliac Vessels 
on the Right and Left 


The left side iliac vessels are located differently than on right side and the surgical 
access to the common or external iliac vein is more difficult. The iliac veins on the 
left are located deeper and at a greater distance from the lumbar muscle than the 
same vessels on the right. The external iliac veins start at the level of the inguinal 
ligaments and at the level of the sacroiliac joints which they join with the internal 
iliac veins, forming the common iliac vein. On the right, the distal segment of the 
external iliac vein runs medially to the artery (Fig. 4.74), and when directed in the 
cranial direction, the external iliac vein moves backwards and runs on the right side 
of the artery, so that the right common iliac vein lies laterally from a single-named 
artery (Fig. 4.75). On the left side, the external iliac vein and the common iliac vein 
lie medially in relation to the mono-named arteries. The left common iliac vein 
passes beyond the initial segment of the right common iliac artery and is longer than 
the vein at the other side (Fig. 4.76). 


Fig. 4.74 Iliac vessels on the right side. 1—Distal segment of the common iliac artery, 
2—Proximal segment of the external iliac vein, the vein in this segment runs medially in relation to 
the common iliac artery, 3—Psoas major muscle 
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Fig. 4.75 Reminder of the position of the iliac vessels on the right side. 1—Common iliac vein, 
2—IVC, 3—External iliac artery, 4—Common iliac artery 


Fig. 4.76 Position of the iliac vessels on the left side. 1—Common iliac vein, 2—Common iliac 
artery, 3—External iliac artery, 4—Internal iliac artery, 5—Vascular loop 
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4.10.3 Method of Shortening the Distance Between 
the Short Renal Vein and the Iliac Veins 


The first and easiest method of renal vein elongation on the back table is the 
dissection of the vein from the renal hilum. Such a deep dissection of the renal vein 
towards the renal hilum will extend the former by about 1.5-2.5 cm. To get the 
renal vein longer, the small venous branches in the renal hilum have to be ligated. If 
the right kidney has been procured without the IVC, and you want to elongate it, 
you have to do the same maneuver as written before and first mobilize it well 
towards the hilum and then if necessary perform the vein elongation by using 
material other than the IVC. The source of other material for right renal vein 
reconstruction can come from an organ donor, a recipient or it can also be used as 
material for lengthening a vascular prosthesis. 

Each right kidney with a short renal vein, which is transplanted to the left iliac 
fossa without elongating the right renal vein, is technically more difficult to 
transplant than to the right side. The transplantation of the right kidney into the left 
iliac fossa, especially in very obese recipients, without the possibility of elongation 
of the renal vein by means of the IVC or another vein, quite often requires extensive 
mobilization of the iliac vessels, including ligation and cutting of the iliac internal 
artery and vein. Sometimes the lateral part of the left common iliac vein runs behind 
the left common iliac artery. In such a case, after a complete mobilization from the 
extraperitoneal space of the common, internal and external iliac artery from the 
inguinal ligament to the aortic bifurcation, all these arteries can be gently pulled up, 
to the right and towards the midline with the renal vein blade retractor. After this 
maneuver the iliac venous system on the left side is visualized and shows the 
common, internal, external iliac veins, thus greatly shortening the distance between 
the renal vein and one of the iliac veins (Fig. 4.77). The end-to -side anastomosis 
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Fig. 4.77 Left side, left iliac fossa. An example of mobilization of iliac arteries. The picture shows 
gentle pulling of the common, internal and external iliac artery by the renal vein blade of the 
retractor towards the midline. The end-to-side anastomosis of the renal vein was made with the 
common iliac vein behind the common iliac artery. 1—Common iliac artery, 2—External iliac 
artery, 3—Left common iliac vein, 4—Satinsky vascular clamp, 5—Dissected from the 
surrounding tissues common, internal and external iliac arteries. To ensure safe venous 
anastomosis, the mobilized iliac arteries are gently pulled in the medial direction of the body 
using the renal vein blade which is included in the equipotent the professional abdominal retractor. 


between the renal vein and common iliac vein in this is case situated behind the 
common iliac artery. Examples of kidneys transplanted to the left side are shown in 
Figs. 4.78, 4.79 and 4.80. 
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Fig. 4.78 Left kidney transplanted to the left side. 1—Kidney, 2—Renal artery, 3—Renal vein, 
4—Ureter decompressed with JJ catheter, 5—Common iliac vein, 6—Lower pole of the kidney 
(picture has been taken from the right side) 


Fig. 4.79 Left kidney transplanted to the left side during pancreas and kidney transplantation: 
intraperitoneal access from midline incision. 1—Kidney, 2—Common iliac artery, 3—Renal 
artery, 4—Renal vein, 5—Ureter, 6—Common iliac vein 
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Fig. 4.80 Transplanted right kidney to left side. Elongation of the two renal veins with the IVC. 
The IVC is placed behind the external iliac artery and anastomosed end-to-the side with the 
external iliac vein. 1—Renal artery, 2—Common iliac artery, 3—IVC as elongation material for 
two renal veins, 4—Left external iliac artery, 5—Kidney 


4.11 Author’s Own Experiences: Difficult Cases of Kidney 
Transplantation 


4.11.1 Introduction 


I would like to describe some of the situations which I have encountered in my 
career. I know that the description of a case can be inspiring and provoke much 
thought and instruction, because we always ask ourselves: Would I also solve this 
problem in this way? I think that the cases I have chosen will be so inspiring that 
most readers will find a better and more creative solution to the problem than the 
one we have chosen—which I sincerely wish for. 
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4.11.2 First Case: Third Kidney Transplantation With 
the Simultaneous Removal of One of the Previously 
Transplanted, Failing Kidneys 


4.11.2.1 Introduction 


There is controversy about the results of a second and third kidney transplantation. 
Generally, the outcomes and graft survival of the retransplantation have been reported 
to be inferior compared to the first transplant [59-61], but similar results have also been 
reported [59-61] [62—64]. In order to make a decision about retransplantation the 
following factors should be taken into account: the duration of the previous allograft 
function, the interval between transplants, previous transplant nephrectomy, the age of 
the recipient, his or her race, the presence of diabetes mellitus, histocompatibility 
leukocyte antigen (HLA) mismatch and donor source [57, 64—67]. If we look at the 
results of third kidney transplants made 20 years ago they were disappointing, so in 
2006, Mazzucchi [71] described the results of third transplants in 21 patients. Note that 
third and subsequent transplants performed extraperitoneally are more time-consuming 
(more than 300 min) and require more transfusions in the perioperative period. A higher 
but acceptable incidence of arterial thrombosis and urinary obstruction were observed. 
One-year graft survival was 57.1% (75% for live and 46% for cadaver donors) for 
retransplants and 86% for first transplant patients (P < 0.0001). At that time the 
one-year graft survival was better with live donor grafts, but was still lower when 
compared with the first transplants using the same surgical technique [69]. 

With the passing of years, thanks to improvements in surgical technique and better 
preparation of the patient for the operation, good surgical results and survival of both 
the graft and the kidney recipient have finally been achieved. Friedersdorff [70] 
presented a total number of 16 kidney transplantations in which he demonstrated that 
13 of them underwent a third and three of them a fourth kidney transplantation. The 
patient survival was 92.3% after one year and 76.9% after five years (third graft). 
One-year censored graft survival was 100% and a five-year graft survival was 74.1% 
(third graft), respectively. In the cases of the fourth transplantation, the graft survivals 
of 33.3% at one and two years were noted among three patients. All fourth graft 
recipients survived during the observation time. The overall rate of postoperative 
surgical complications among third graft recipients was 46.2 and 66.7% among 
patients after a fourth transplantation. Finally, the results of the third kidney trans- 
plantation showed satisfactory patient and graft survival with acceptable outcomes. 

As far as the choice of incision is concerned, most authors preferred a medial 
incision with the possibility of choosing a suitable place in the abdominal cavity for 
the transplantation. As far as the treatment of the old graft is concerned, if it is small 
and does not interfere with the recipient and there is enough space to place the new 
kidney graft under or above it, the old graft should be left alone. Another group of 
surgeons strives to remove the graft by all means before the third transplantation. 
I am a member of another school of thought which advocates not removing grafts 
before the third transplantation unless there are clear indications to do so, and I am 
an advocate of removing a graft if necessary during the transplantation operation. 
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Preoperative three-phase CT and Duplex Doppler allow an accurate assessment not 
only of the recipient’s iliac vessels but also of the condition and quality of the renal 
veins and arteries. The preparation of the iliac vessels and actually cutting them 
with scissors in the area of the completely fibrosed tissues around the iliac vessels 
which are as hard as a stone can lead to many unpleasant and irreversible com- 
plications in the recipient of a kidney. In my personal opinion, the removal of the 
graft before the third transplant only exacerbates the iliac vascular in fibrosis around 
the iliac vessels making the third kidney transplantation difficult and almost an 
impossible long-lasting operation. 


4.11.2.2 Case Raport 


This is the case of a 68-year-old female patient following two transplantations of a 
kidney, who was very highly immunized, and without the possibility of creating a 
vascular access for hemodialysis. For two years, the woman was on dialysis using a 
catheter inserted into the right subclavian vein. Both grafts, located on the right and 
left side, were insufficient and did not produce urine for many years. The trans- 
planted kidneys were not removed because there was no indication that it was 
necessary to remove one or both kidneys until the third transplant. The patient was 
obese and suffered regularly in the last few weeks from biliary colic attacks because 
of the gallstones which before the transplantation manifested once or twice a week. 
In the performed CT screening without contrast, the iliac vessels on both sides 
showed slight calcifications and atherosclerotic changes. 

The patient had been waiting for a suitable kidney for two years, but finally the 
Eurotransplant Programmed Framework found and offered her a matching right 
kidney. The donor was a young brain death organ donor who died because of cran- 
iocerebral injuries. Our centre received a right kidney with two renal arteries from the 
abdominal aorta on the aorta patch and two renal veins procured together with the 
inferior vena cava (IVC). Moving down the abdominal aorta from the top to the 
bottom, we first encounter the main renal artery of about 8—9 mm in diameter, which 
divides about 1 cm from the aorta patch into two renal arteries; the superior renal artery 
of 3—4 mm in diameter, which enters the upper pole of the kidney, and the main renal 
artery of 6-7 mm in diameter, which enters the renal hilum. 1 cm below the first renal 
artery is an additional renal artery that runs directly from the aorta to the lower pole of 
the kidney. There are two renal veins leading from the kidney to the IVC: the superior 
and inferior veins, which were obtained with the IVC (Fig. 4.81). The diameter of the 
lower renal vein was 6-7 mm and the upper vein was 20 mm. Taking the vessels of the 
transplant recipient into account, we tried to prepare the kidney for transplantation in 
such a way that the number of vascular anastomoses in the recipient’s body was 
reduced to a minimum. 

These are the general questions that I think every surgeon should ask himself or 
herself in such a situation before deciding to transplant: 


— Which kidney, right or left, and from what kind of donor should be accepted for 
a third transplant? 
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Fig. 4.81 Right kidney accepted. 1—IVC, 2—Ureter, 3—Aberrant renal vein going out from the 
lower pole, 4—Aberrant renal artery going to the lower pole, 5—Aortic patch, 6—Renal major 
vein, 7—Renal main artery, 8—Early branch of the renal artery to the upper pole, 9—Upper pole 
of the kidney 


— Will each accepted kidney be technically feasible for transplantation? If not, 
what criteria does the kidney have to meet in order to be transplanted reasonably 
safely? 

— To what extent are there atherosclerotic lesions in the recipient’s vessels? Which 
side is “better” and which side is “worse” in terms of the severity of 
atherosclerotic lesions? 

— What is the best place for the transplantation: the right or left side? 

— What is the best surgical access to keep the risk of surgery as low as possible? 

— Do you remove the gallbladder before the transplantation or do you leave it? Or 
maybe you should first perform a cholecystectomy or give up the offered kidney 
and wait for the next one? 

— Have previous transplants been removed or not? If not, do you have to remove 
them during the transplantation? Can a new kidney be transplanted next to an 
old one? How do you deal with this difficult decision and finally difficult 
operation? 

— Is it worth taking the risk, and if so, how great it is? How can you reduce the risk 
of the transplantation and how far can you go to transplant a third kidney? 


The main aim of the inspection of this rather richly vascularized kidney was to 
reconstruct its vessels during the preparation for transplantation (benching) to limit 
the number of anastomoses to two or three in order to achieve the shortest possible 
time of warm ischemia during transplantation. After the renal vessels and ureter 
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were prepared, fresh preservative fluid was injected into the main renal vein and the 
injected fluid was observed to come out of the smaller (lower pole) diameter renal 
vein (from the aberrant renal vein). Also very slowly, 50 ml of cold, fresh UW 
(University of Wisconsin) preservation solution was injected into the renal vein of a 
smaller diameter (lower pole); without sensing any resistance, the organ preser- 
vation solution passed into the superior (main) renal vein and then the preservation 
fluid came out of this main renal vein. 

On this basis, a very good contact between the two veins was found. The 
additional lower renal vein was found to be a vein that did not play a role in the 
renal drainage system and due to its small diameter and excellent contact of its 
branches with the main trunk branches of the renal vein this vein was ligated with 
two 2/0 non-absorbable sutures. The lower artery, due to its diameter and distance 
from the main renal artery, was cut off from the aortic patch, shortened and 
implanted end to side into the main trunk of the renal artery as part of the plan to 
reduce the time of warm ischemia to a minimum. The lower pole artery was 
implanted in end-to-side fashion which was made on the catheter with a 7/0 
non-absorbable running suture (Figs. 4.82 and 4.83). The whole renal artery, in- 
cluding the anastomosis place, was flushed with heparinized cold preservation 
solution and its tightness was checked. The ureter was also checked. The kidney 
was repacked and put in the transport box on ice. 


Fig. 4.82 1—Aberrant renal vein to the lower pole of the kidney, 2—Aberrant renal artery to the 
lower pole of the kidney, 3—Main renal vein, 4—Main renal artery, 5—Early branch of the renal 
artery to the upper pole (aberrant to the upper pole renal artery), 6—Main trunk of the renal artery, 
7—Upper renal pole 
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Fig. 4.83 An aberrant renal vein going out from the lower pole was irrigated after examination. 
The aortic patch was too long for the recipient without severe arteriosclerosis. An aberrant renal 
artery to the lower pole was cut and sewn end-to-side to the main stem of the renal artery. 1— 
Aberrant renal artery to the lower pole of the kidney during suturing on the silicone tube, 2—The 
main stem of the renal artery, 3—Renal vein, 4—Early branch of the renal artery to the upper pole, 
5—Upper pole of the kidney 


The kidney transplantation was performed by a midline incision (Fig. 4.84). 
Examination of the abdominal organs did not reveal any significant lesions except 
gallbladder stones and a condition after two kidney transplants to the right and left 
iliac fossa. Both transplanted kidneys were in situ. The operation started with a 
classical gallbladder excision (Fig. 4.85), followed by the release of many massive 
adhesions, mainly between the intestines, different organs and abdominal wall, 
particularly at the sites of the transplanted kidneys. Due to better access to the 
kidney vessels decided to transplant the kidney to the right side. In the right side the 
old transplant was quite large and technically impossible to transplant a new kidney 
above or below the old one. It was decided to remove the old kidney in the first 
stage of the operation, keeping its vessels as long as possible and then transplant the 
new one. After repositioning the professional abdominal retractor to the lower 
abdomen, a stable operating field was obtained and the removal of the long ago 
transplanted kidney was started. 
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Fig. 4.84 1—Liver, 2—Middle line incision 


ie NS 


Fig. 4.85 Operation started with cholecystectomy, 1—Gallbladder, 2—Liver 
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Surgical steps to remove the old kidney transplant and replace it with a new one: 


Fill the bladder with warm Ringer’s solution or physiologic saline chloride. 

Localize the old ureter-urinary bladder anastomosis and ureter. 

Ligate the ureter with two ligatures near the anastomosis and cut it. 

Dissect the ureter of the transplanted kidney from the surrounding tissues 

towards the kidney’s hilum. This kind of mobilization of the ureter from the 

bladder towards the renal hilum gives us access to the external iliac and renal 

vessels and to the posterior surface of the kidney (Fig. 4.86). 

5. Mobilize the kidney from the retroperitoneal space: it is usually quite a difficult 
procedure. Mobilization of the old transplanted kidney should be continued 
along the posterior side of the kidney towards the upper pole, renal pelvis, and 
up and down the iliac vessels, where the vascular anastomoses are (very sharp 
scissors, an Argon Beamer and coagulation in this case become indispensable 
when cutting and dissecting fibrous tissues which very often resemble stone or 
rock hardness). 

6. Free the old renal vessels as much as possible towards the renal hilum, then 
ligate and cut them. The renal vessels have to be prepared in such a way that 
they always have to be kept as long as possible and not damaged during the 
preparation—especially in patients with severe calcifications in the iliac vessels, 
where sometimes the old vessels are the only place to perform anastomoses 
between the kidney and the recipient’s vessels. 


ee 


Fig. 4.86 1—Tied and cut off close to the urinary bladder—the ureter of the transplanted kidney, 
2—Kidney, 3—Prepared renal vein of old kidney transplant, 4—Lower pole of the kidney released 
from retroperitoneal space. This is also the easiest place to access the recipient’s pelvic vessels, as 
well as the vessels of the previous kidney that will be removed for transplantation of the next 
kidney. 5—Released posterior side of the kidney from retroperitoneal space 
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7. At this stage, remove the previously inspected transplantation kidney from the 
transport box. Take an open biopsy from the upper pole and briefly insert the 
kidney wrapped in cold gauze into the retroperitoneal space of the recipient in 
order to determine the best position of the kidney, the best places for the 
vascular anastomoses and the best length of the renal vessels. If the iliac vessels 
are in a good condition, then we decide to use them and perform the vascular 
anastomoses in the new places. If it is impossible or the vessels are in a bad 
condition, you can use the old vessels of the resected kidney. The renal vessel 
stumps, if they are not used, have to be shortened, ligated and sewn (Fig. 4.87). 

8. In this case, since the iliac artery was only slightly atherosclerotic, I decided to 
perform new vascular anastomoses in completely different places than the 
previous ones. The renal vein and artery stumps (in this case, each vessel) were 
tied twice with 2/0 non-absorbable sutures and shortened. 

9. The first venous anastomosis was performed, an end-to-side anastomosis of the 
renal vein to the right common iliac vein with a 5/0 non-absorbable monofila- 
ment suture. The anastomosis of the renal artery was performed end-to-side with 
the common iliac artery of the recipient with a 6/0 non-absorbable monofilament 
suture (Fig. 4.88). 


Fig. 4.87 The very difficult operating field after the kidney was removed on the right side. 1— 
Stump of the old renal artery, 2—Common iliac artery, 3—Stump of an old renal vein, 4—Right 
common iliac vein 


4.11 
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Fig. 


4.88 Picture of the second kidney transplant, before releasing the vascular clamps. 1— 


Common iliac artery, 2—Main stem of renal artery, 3—Renal aberrant artery, end-to-side 
anastomosis with the main renal artery, 4—End-to-side anastomosis of the renal vein with the 
common iliac vein, 5—Kidney 


10. 


11. 


12. 


13. 


14. 


After the vascular clamps were released, the kidney immediately began to 
produce a small amount of urine (Fig. 4.89). 

The ureter-bladder anastomosis was performed in the same place as the first 
one. The first ureter-urinary bladder anastomosis was completely excised, the 
new anastomosis was decompressed with the JJ catheter. 

The kidney was partially covered with the peritoneum, which was led over the 
kidney and sutured to the abdominal wall, ensuring the permanent position of 
the kidney and preventing its possible movement within the abdominal cavity. 
The space around the kidney was drained with two 27CH silicone surgical 
drains. 

The abdomen was closed and the postoperative course was without any 
complications. 
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Warning! (When one kidney is replaced by another kidney, try to keep the 
vessels of the old kidney as long as possible before retransplantation during the 
dissection) 

For the preparation of the renal and iliac vessels of the old kidney I recommend 
very sharp and pointed preparation scissors. Very often the tissues around the 
kidney and vessels are fibrotic, hard and cannot be processed by any other methods 
of preparation than cutting. The renal vessels of the transplanted old kidney should 
be prepared deeply in the hilum, systematically ligated or sutured so that after 
removing the kidney, the stumps of the “old” kidney vessels are not injured and are 
as long as possible. Vessel stumps can always be shortened, if they are in a good 
condition. If the iliac vessels of the recipient are not atherosclerotic, the renal 
vessels of the new kidney can be anastomosed at other sites in the iliac arteries and 
veins rather than the previously anastomosed old renal vessels (Fig. 4.89). 


Fig. 4.89 Second transplanted kidney; the following anastomoses were performed; end of the 
renal vein on the side of the common iliac vein and main stem of the renal artery “end to side” of 
the common iliac artery, 1—The right common iliac artery, 2—The main trunk of the renal artery, 
3—The accessory renal artery, which runs to the lower pole of the kidney and is anastomosed at 
the end to the side of the main trunk of the renal artery. 4—Renal vein, 5—Renal artery branch to 
the upper pole of the kidney, 6—Border between the IVC and iliac vein, 7—Retraansplanted 
kidney 
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4.11.3 Second Case: Kidney Retransplantation With 
End-to-end Anastomosis Between the New Renal 
Artery and Old Renal Artery 


4.11.3.1 Introduction 


I am a member of another school of thought which advocates not removing the 
grafts before the third transplantation unless there are clear indications to do so; and 
I am an advocate of removing a graft if necessary during the transplantation 
operation. In patients who have undergone a pancreas-kidney transplant the 
replacement of the kidney is challenging and sometimes a very complicated 
operation. 

It is well known that early and late graft survival of the third or fourth transplants 
are inferior compared with the first or second transplants. Surgical problems—such 
as difficult access and dissection of an old organ, or hyperimmunization—and 
therefore a high rate of acute rejection and comorbidities, such as severe 
atherosclerosis (for example coronary diseases, severe atherosclerosis and calcifi- 
cation in aortoiliac vessels) or a long time on dialysis, make the third transplantation 
of a kidney a difficult operation which still gives many non-surgical complications: 
lymphocele (23%), vascular thrombosis (3.3—-14%), ureter obstruction (7-10%), 
different fistulas (6-8%), and 30% of patients had episodes of acute rejection in the 
first month after retransplantation. The third kidney transplant has a high-risk 
recipient population. However, the results regarding the graft and patient survivals 
and complications encourage us to continue with this procedure; finally, it should 
also be remembered that worse results should be expected among the patients who 
lost previous grafts early or are highly hyperimmunized [71]. 


4.11.3.2 Case Report 


This case concerns a second kidney transplant with the simultaneous removal of an 
insufficient kidney graft and replacing it with a new one in a patient with very 
advanced atherosclerotic lesions in the left iliac arterial traject. 

A short history of the patient’s disease: a man aged 55 years, who received a 
simultaneous pancreas and kidney transplantation seven years ago. The pancreas 
functioned well, but after a few years after grafting the kidney failed completely. 
The quality of the old grafted renal artery was good: no calcification, atherosclerotic 
changes and/or strictures. The computed tomography, performed without contrast, 
informed us about the severe bilateral atherosclerotic lesions localized from the 
aorta’s bifurcation up to the inguinal ligament. The arterial vessels consisted of very 
advanced 2 mm thick closed calcium rings which were located at a small distance 
from each other in the lumen of the iliac vessels. Vascular access for dialysis was 
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surgically impossible to perform. For several months the patient had been under- 
going dialysis using a catheter inserted into the left subclavian vein. This possibility 
of dialysis due to partial subclavian vein thrombosis was also slowly coming to an 
end. The only chance to keep the patient alive was a second kidney transplant with 
arterial anastomosis to the unchanged renal artery of the transplanted kidney with 
simultaneous removal of the graft situated on the left side (the second, new kidney 
came from a living family donor, from whom the left kidney with one artery, one 
vein and one ureter was procured). The iliac veins on both sides were unchanged. 
The renal vein and anastomosis of the first graft were patent, without any 
obstruction. If necessary, the end of the renal vein of the new kidney can be 
anastomosed to the end of the renal vein of the transplanted kidney. 

In short it was a very high risk operation. The living donor and the recipient and 
their families were informed about the possible intra- and post-operative compli- 
cations and they agreed to the operation. 

Surgical access was achieved by a midline incision. The justification for this 
choice is that the midline incision gives safe access to the graft and the iliac vessels 
on both sides and by using a professional abdominal retractor you obtain a stable 
surgical field. In the case of a difficult-to-control hemorrhage, the iliac vessels can, 
at the beginning of the bleeding, be brought under control and quickly closed. In the 
case of irreversible damage to one of the iliac arteries, an aorto-iliac or 
aorto-femoral by-pass can be performed. The midline incision also gives very good 
access to the urinary bladder during the operation. 


Operation Description 


After the midline incision was performed and the abdominal organs were inspected, 
numerous adhesions in the abdominal cavity were released. The descending colon and 
the sigmoid were mobilized halfway, revealing an insufficient graft on the left side. 
The intestines were wrapped in a wet gauze, moved towards the midline, and stabi- 
lized using professional abdominal retractor blades. The urinary bladder was filed 
with warm Ringer’s solution and the ureter-bladder anastomosis was found. The 
ureter of the transplanted kidney was ligated close to the bladder and completely cut. 
By pulling the ureter of the transplanted kidney upwards and to the left, with very 
sharp scissors, it was slowly freed from the surrounding tissues and iliac vessels to the 
lower pole of the transplanted kidney. The left common iliac artery was dissected just 
next to the bifurcation of the aorta and the left external iliac artery close to the inguinal 
ligament. One vessel loop was placed around each dissected artery, the ends of vessel 
loops were fixed with the small clamps. The internal iliac artery was not mobilized 
(not dissected) because it was completely closed with atherosclerotic plaques. The 
next stage is the complete mobilization of the kidney from the retroperitoneal space, 
the posterior side kidney dissection and the ligation of all small branches of the renal 
artery and the vein deep in the hilum of the transplanted kidney. After cutting them 
deep in the hilum of the transplanted kidney, the graft was removed from the 
retroperitoneal space (Fig. 4.90). The postoperative course was uncomplicated and 
the patient went home in a good condition after three weeks. 
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Fig. 4.90 Left side. Graftectomy and kidney retransplantation performed at the same time. Left 
iliac vessels. 1—Common iliac artery, 2—Stump of the old renal artery of the removed kidney, 
3—Common iliac artery below the anastomotic site, 4—Stump of the old kidney renal vein 


Attention! 

The mobilization of a large sized old kidney graft from the retroperitoneal space is 
difficult and requires surgical experience and sensitivity. The tissues around the 
transplanted kidney are very hard and fibrous. With one careless move, the graft 
vessels or iliac vessels can be irreversibly damaged. Such a hemorrhage is very 
difficult and sometimes impossible to control and repair because of fibrosis and the 
lack of any plasticity, i.e. stiffness of the vessels and tissues. When the kidney is 
large and has very strongly grown into the retroperitoneal muscle with its posterior 
surface, it is necessary to remember not to damage the nerves and its branches (such 
as the lateral femoral cutaneous nerve which is responsible for the innervation of the 
lateral tight and the genitofemoral and femoral nerve) during the posterior surface 
dissection. To prevent the above mentioned nerve injuries, the posterior surface of 
the kidney can be removed without the capsule. If during the kidney dissection it is 
impossible or dangerous to free its posterior surface together with the kidney 
capsule, the best solution is to separate the kidney capsule from the kidney par- 
enchyma and to leave the capsule in the retroperitoneal space in the recipient’s body 
intact. After complete mobilization of the kidney, its vessels are prepared as high as 
possible in the hilum and are ligated. The renal vessels have to be obtained as long 
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as possible, undamaged and well preserved along the whole length from the place 
of their ligation in the renal hilum up to the anastomoses with the iliac vessels. 


After complete separation from the surrounding tissues, the common iliac vein 
was closed with a Satinsky vascular clamp. The vein contained in the clamp and 
was incised along its long axis, and an end-to-side venous anastomosis was per- 
formed with a non-absorbable 5/0 continuous suture. Before completion of the 
venous anastomosis, both veins were regularly flushed with a heparinized solution 
of physiologic saline chloride. After making about 3 mm lateral incisions on the 
opposite sides of the donor's and recipient's renal arteries a spatulated anastomosis 
end-to-end was performed with a monofilament non-absorbable 6/0 suture. During 
the anastomosis of both renal arteries, the lumens were regularly rinsed with 
heparinized physiological natrium chloride solution. Immediately after removing all 
vascular clamps, the transplanted kidney was warmed with 1.5-2.0 L of warm 
Ringer’s solution. All bleeding vessels were then thoroughly coagulated, ligated 
and sewn. Try to achieve a perfect hemostasis in all cases, especially around the 
ureter and in the kidney hilum (Fig. 4.91). Sew the ureter into the bladder using the 
previously described modified Linch-Gregoir method with the JJ catheter decom- 
pression. Depending on the situation and the technical possibilities, suture the 


Fig. 4.91 1—Left side of the retransplanted kidney, 2—New kidney renal artery, 3—Old renal 
artery anastomosed end to end with a new kidney renal artery, 4—Renal vein of new kidney was 
anastomosed end to side to another (new) place on the common iliac vein, 5—Common iliac vein, 
6—Common iliac artery 
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peritoneum over the transplanted kidney and drain the peritoneum with one or two 
JP drains. If the peritoneum cannot be sutured over the graft and the ureter, I usually 
drain the area of the kidney with two silicone surgical drains (without vacuum): one 
is left in the area of the upper pole behind the kidney, and the other close to the 
bladder in the deeper punt of the abdominal cavity. 


Warning! (Techniques for a third and fourth kidney transplantation) 
Several techniques are described [72]: 


1. Trans-peritoneal kidney retransplantation. 

2. Retro-peritoneal heterotopic kidney retransplantation. 

3. Retroperitoneal heterotopic kidney retransplantation using the vessels of the 
previously transplanted kidney—this technique was described by Nghiem [72]. 

4. Orthotopic kidney transplantation (OKT). This technique is used for selected 
patients when the iliac vessels are deemed unsuitable for vascular anastomosis. 
It was first described by Gil-Vernet et al. [74] in 139 patients. Musquera et al. 
[74] from Barcelona published the largest series of 223 patients who had OKT. 
Patient survival was 92.23, 78.3 and 62.5% at 1, 10 and 20 years, respectively. 
Graft survival was 87.7, 59.3 and 34.5% at 1, 10 and 20 years, respectively. 
There was no difference in the 20-year patient and graft survival between 
orthotopic and heterotopic kidney transplantation performed during the same 
period [72]. 


Warning! (If possible during retransplantation do not damage the old vascular 
anastomoses) 

Remember to prepare the renal and iliac vessels very carefully in order not to 
damage the old vessels of the transplanted kidney. The renal vessels should be 
dissected as long as possible, i.e. ligated and cut as deep as possible in the kidney 
hilum. In case of damage to the iliac recipient vessels or the old renal vessels, the 
kidney recipient can be at high risk of a large operation, combined with a huge 
blood loss, vascular surgeon intraoperative consultation, loss of the new kidney 
transplant and even—in more complicated cases—the loss oflimb and/or death. 


Warning! (Unsatisfactory blood flow from the lumen of the stump) 
In the case of unsatisfactory blood flow from the lumen of the stump we have the 
following ways to correct this. 


— Covering the external wall with cellulose (Surgicel—Johnson & Johnson, 
Ethicon) soaked with papaverine (papaverine HCl, 40 mg/2 ml or papaverine 
HCl, 100 mg/3 ml) and injecting into the lumen of the renal artery and/or in the 
old renal artery stump (100 ml, 0.9% sodium chloride + 40 mg papaverine), e.g. 
heparin solution, with the old renal artery closed 5 mm from the anastomosis 
with a small gentle vascular clamp. Fur this purpose, we use a syringe with a 
special bent needle with which the drug is administered under a slight pressure, 
watching the entire renal artery stump slightly distend. After this kind of pro- 
cedure, we always check the blood flow from the renal artery stump. 
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— The second method is to use the first method and combine it with using a 
Fogarty catheter with a capacity of 0.3-0.5 cc. In this case, you can limit 
yourself to enlarging the diameter of the artery stump and if there is an insuf- 
ficient blood flow, you can use the catheter to enlarge (distend) the diameter of 
the iliac artery above the anastomosis, the anastomosis itself and the stump of 
the renal artery of the removed kidney—look and palpate or perform a Duplex 
Doppler for another site on one of the iliac arteries or on the aorta without 
atheromatous changes where renal artery bypass grafting can be safely 
performed. 

— If the above methods did not help, you can close the artery and the vein with 
sutures or clips, and ask an intervention radiologist to stent both or one of the 
anastomoses with a very short stent(s). 

— Aska vascular surgeon to perform an acute aorto-femoral or aorto-iliac graft and 
implant the kidney with end-to-side anastomosis between the graft and the renal 
artery after it. 


4.11.4 Case 3: Kidney Transplantation. Renal Artery 
Anastomosis with a Vascular Prosthesis (Patient 
with Renal Failure after Aorto-bifemoral Vascular 
Reconstruction) 


4.11.4.1 Introduction 


Due to a very calcified aorto-iliac axis, renal transplantation with implantation of 
the artery on a vascular prosthesis can be proposed. An aorto-bifemoral vascular 
reconstruction with prothesis, as a preparation for kidney transplantation in patients 
with renal failure, is a procedure with many complications and is usually associated 
with a higher mortality rate in kidney recipients than a normal kidney transplant but 
it offers on selected patients a much better alternative to dialysis [76]. Several 
techniques for renal allograft implantation on a prosthetic vascular graft according 
to the timing of the vascular intervention in relation to the transplantation are 
described as follows. 


1. An aortic bifurcated prosthesis is implanted before kidney transplantation [76, 77]. 

2. Prosthetic iliac artery replacement and kidney transplantation is performed 
simultaneously [80]. This means that during the same operation a vascular 
prosthesis is first implanted and then the kidney, whose end of the renal artery is 
sewn into the side of the prosthesis. The simultaneous implantation of a vascular 
prosthesis with a kidney transplantation can, according to various authors, lead 
to a slightly increased graft infection and a prolongation of warm renal ischemia 
[76, 79]. The best solution in such a case is to use a fresh graft which consists of 
the donor’s aorta and/or iliac vessels from the kidney or another donor [79]. 
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Grafting of the renal artery to a vascular prosthesis is feasible and yields good 
results, despite the technical difficulties involved. The five-year patient and graft 
survival rates were 85.2 and 74%, respectively [77]. 

In my opinion the presence of a vascular prosthesis means that kidney trans- 
plantation requires a lot of experience and surgical skill. In short the operation is, as 
I have said, difficult and consists of very hard and difficult to dissect tissues growing 
around the wall of the prosthesis [77]. If you have no experience in vascular 
surgery, it is worth doing it together with a vascular surgeon. 

Personally, I prefer the two-stage technique. If the post-operative period is 
without complications and the prosthesis wall has properly grown into the sur- 
rounding tissues and there are no signs of infection of the prosthesis, then only 
following a few months following the implantation of the prosthesis do we decide 
to perform a kidney transplant with an end-to-side anastomosis of the renal artery of 
the previously implanted prosthesis (Fig. 4.91). By contrast, the one-stage proce- 
dure involves vascular repair and transplantation at the same time which is the only 
advantage of this one-stage treatment. 


4.11.4.2 Transplantation Procedure 


Access to the extraperitoneal space is done by a hockey-stick incision. The diffi- 
culty of this procedure is to locate the iliac vessels and the prosthesis. It should be 
remembered that after the first operation, the branches of the vascular prosthesis are 
strongly connected with the recipient's iliac vessels and also with the surrounding 
very hard fibrotic tissues. As I wrote earlier, the preparation of the iliac vessels can 
begin as close to the inguinal ligament as possible. For the preparation of 5 cm of 
the ingrown prosthesis and one of the iliac veins during the kidney transplant, I 
recommend the use of sharp ended scissors, a surgical scalpel and the sterile head of 
the Duplex Doppler apparatus, which after exposing the extraperitoneal space will 
help us to locate the prosthesis leg itself. 

The dissection of the vessels and the prosthesis must be carried out carefully in 
order not to damage the prosthesis and the recipient’s vessels. After reaching the 
extraperitoneal space, the entire vascular prosthesis should be dissected at a dis- 
tance of 5 cm which is sufficient to close it with two clamps, to cut a hole in it with 
a scalpel and/or with scissors and to flush it with heparin solution and properly 
perform the arterial anastomosis. 

After the succesful preparation of the vascular prosthesis, the following stages of 
the operation are the most important. 


— Before the prosthesis itself or its leg is closed, a patient should receive intra- 
venous heparin adequate to her/his body weight. After the administration of 
heparin, do not close the clamps too quickly, wait 5 min—heparin starts to work 
in the human body 3—4 min after its intravenous administration. 

— The vascular prosthesis should be closed after thorough palpation examination 
to locate atherosclerotic changes (when you have to deal with severe arte- 
riosclerosis inside the prosthesis with plaques on its back wall, close the 
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prosthesis then use a vascular clamp horizontally). If the prosthesis is normal, so 
without atherosclerosis plaques and severe calcification, you can vertically close 
the prosthesis with two vascular clamps. Horizontal closing of vascular grafts 
may lead to sticking of the prosthesis walls together and it may make it tech- 
nically very difficult to perform an end-to-side anastomosis between the renal 
artery and/or aortic patch and the vascular prosthesis. 

— The earlier implanted vascular prosthesis should be closed with a clamp first 
distally and then proximally—it is about filling the graft with blood, which 
makes it much easier to make a hole in it by cutting out a piece of wall. 

— After the transplantation, the kidney area should be well drained and the patient 
should be given heparin in such a dose that the APTT (Activated Partial 
Thromboplastin Time) does not exceed 60-70 s. Patients with a 
well-functioning kidney may receive Fraxiparin in the first phase, but in case of 
an insufficient kidney graft with delayed graft function, Fraxiparin may accu- 
mulate, which can lead to bleeding. 

— When the kidney (renal artery) is implanted in a vascular prosthesis and if it 
does not produce urine (Fig. 4.92), it should be subjected to regular examina- 
tions, such as 99mTc-MAG 3 and ultrasound (Duplex Doppler). In the post- 
operative period the patient should receive anticoagulants and platelet 
aggregation inhibitors. 


= 


Fig. 4.92 Transplanted kidney with two arteries on the aortic patch sewn end-to-side of the right 
leg of the aortic bifurcation graft. 1—Right leg of the aortic bifurcation graft, 2—Kidney, 3— 
Renal arteries on the aortic patch, 4—Area of the renal pelvic and ureter of the transplanted kidney 
running towards the bladder 
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Warning! (For everybody older than 55, use CT without contrast) 
Atherosclerotic plaques and severe calcifications of the arterial vessels are best 
detected by means of computed tomography made without contrast. During 
Doppler ultrasonography, only rapid flows and hardening of the vessel wall are 
detected. Some atherosclerotic plaques do not form lime rings, but their volume 
increases systematically from the posterior wall to the anterior one, which in turn 
manifests itself in the slow closing of the arterial vessels and the slow development 
of claudication is intermittent. In our protocol, the compulsory examinations of iliac 
vessels in every potential recipient of a kidney over 55 years of age use computed 
tomography without contrast and Doppler ultrasonography. 


4.11.5 Kidney Transplantation with Two Ureters 


4.11.5.1 Introduction 


During the organ procurement procedure, a surgeon is often confronted with 
anatomical anomalies. These changes may put the success of the transplant into 
question. Despite the thorough diagnosis of the potential donor, these anomalies are 
often diagnosed during organ donation. Taking into consideration the well-being of 
the recipient, organs with anatomic abnormalities should be carefully considered for 
transplantation. This is especially important when there is a constant shortage of 
organs for transplantation [80]. 

A double ureter is an anomaly consisting of two independent ureters departing 
from the kidney. The double ureters have separate openings in the bladder. This 
defect occurs in 10% of people, more often in women, bilaterally in 20% of cases. 
The ureters from the doubled pelvis sometimes fuse before reaching the bladder to 
form a single bifurcated ureter. A bifurcated ureter is an anomaly in the structure of 
the ureter, consisting of its dilation in a certain section, with the presence of a single 
bladder opening. In kidneys with a double and bifurcated ureter, there is a dupli- 
cation and separation of the calico-pelvic system. When procured kidneys from a 
deceased obese donor have such an anatomical anomaly as the double ureter, it may 
be difficult to diagnose during the abdominal organ procurement procedure. In such 
cases, it should be remembered that a person may have two ureters, of different 
course and diameter, in different places leading to the bladder, which may merge 
into one ureter in front of the bladder. Therefore, the kidneys together with the 
ureters, and especially the ureters, should be procured with as much surrounding 
tissue as possible. Of course, the best thing to do would be to identify the double 
ureters and any abnormalities before organ procurement, but we know that such 
detailed diagnostics is difficult in many hospitals, and sometimes even impossible. 
It should be remembered at this point that the left gonadal vein is often confused 
with the second ureter on the left side. Without magnifying surgical loupes, it is 
often very difficult to find the difference between the ureter and the blood vessel or 
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any other structure in the abdominal cavity that may appear to resemble the ureter. 
In magnifying surgical loupes, you will immediately see a star shape on the 
cross-section, which will indicate that it is a ureter. In case of doubt (as I have 
already described and suggested in the previous chapters), it remains to fill the 
suspect structure with cold preservative fluid or to dissect the gonadal vein in the 
kidney on the left side of the renal vein or IVC. When making the diagnosis of two 
ureters, we must be 100% sure. The question is whether one or two catheters should 
be used for splinting a double ureter with a JJ catheter. If you have two separate 
renal pelvic systems, two ureters and two uretero-bladder anastomoses, you should 
always drain them separately. In the case of a bifurcated ureter with a common 
bladder section, two very thin JJ catheters can be used. When splinting the common 
bladder segment with two catheters, it should be borne in mind that very often the 
bladder segment of the ureter is not wide enough to accommodate two JJ catheters. 
If the diameter of the bladder ureter is too small, the entire system can be drained 
with one JJ catheter. In preparing the kidney for transplantation, one can easily 
check for any of the above-mentioned situations by cannulating and flushing one 
ureter with a thin catheter connected to a syringe filled with cold preservative fluid. 


Fig. 4.93 Transplanted kidney with two ureters. 1 and 2—Ureters, 3—Transplanted kidney, 
4—Common iliac artery, 5—Renal artery 
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There are two methods of implanting a double ureter into the bladder. The first one 
involves cutting the sides of the walls of both ureters 0.8—1.5 cm long and joining 
their medial edges with a soluble monofilament suture, and then implanting the 
ureters sewn together into one hole which was previously made in the bladder. 
Another method, which in my opinion is safer (I personally have transplanted a 
kidney with a double ureter three times), consists of separating them from each 
other, with complete preservation of their blood supply, and implanting them 
separately, from separate incisions, into the bladder using the Lich-Gregoir method. 
In each case of transplanting a kidney with two ureters, I splinted the ureter, the 
pelvis of the transplanted kidney and the uretero-vesicular anastomosis with the JJ 
catheter. As already noted, I personally prefer to implant each ureter into the 
bladder separately, as it seems to me to be a more logical method, giving the ureters 
a better ability to heal with the urinary bladder reducing the risk of urinary leakage 
(Figs. 4.94 and 4.95). The fusion of the two sides of the cut and sewn ureters 


Fig. 4.94 1 and 2—Separated ureters before their shortening and separated implantation into the 
urinary bladder, 3—Spermatic cord 
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Fig. 4.95 1 and 2—Ureters separately sewn into the urinary bladder. Each uretero-bladder 
anastomosis has been decompressed with the JJ catheter, 3—Peritoneum, 4—Transplanted kidney 


somehow cannot convince me of the reliability of this method. It should be added, 
however, that research on both methods of transplanting a double ureter into the 
urinary bladder has not statistically demonstrated the superiority of one of these 
methods over another [81]. 


4.11.6 Transplantation of Two Kidneys from One Donor 


4.11.6.1 Introduction 


Double kidney transplantation is an accepted strategy to increase the donor pool. 
Regarding older donor kidneys, protocols for deciding to perform a dual or a single 
transplantation are mainly based on preimplantation biopsies. Taking into account 
the kidney shortage, Cruzado showed [83] the excellent transplant outcomes with 
dual kidney transplantation (DKT). Of the 182 kidney transplantations in the “old 
for old” program, 79 were dual kidney transplantations; 15 of 79 patients lost one of 
their kidney grafts during one year, but the renal function was lower and the 
proteinuria greater among the one kidney patients than the DKT group. Patient 
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survival was similar in both groups. However, death-censored graft survival was 
lower in the one kidney group than the DKT patients. The five-year graft survival 
rate was 70% in the one kidney group versus 93% in the DKT cohorts. 

A transplant program was initiated to transplant kidneys from donors of over 
60 years performing a single or dual transplantation. DKT was performed with 
donors of more than 75 years, and with donors between 60 and 74 years of age and 
glomerulosclerosis of >15%. The kidneys of donors between 60 and 74 years of 
age and with glomerulosclerosis of <15% were used for the single kidney trans- 
plantation (SKT) [87]. 

The main disadvantage of this method is the use of kidneys taken from elderly 
people and in many cases with impaired function for transplantation. One kidney 
transplanted by a recipient from this type of donor is usually not enough to free him 
from dialysis, and thus improve his quality of life and survival. To become dialysis 
independent, patients need more nephrons and therefore a transplantation of two 
kidneys. It should be emphasized here that not every two kidneys transplanted from 
a deceased donor guarantee the patient freedom from dialysis. In order for the 
transplant patient to leave the dialysis unit, the transplanted organs must come from 
a kidney donor with an appropriate number of relatively healthy and secretionally 
active nephrons, ensuring adequate blood filtration. An elderly donor kidney usu- 
ally does not have enough nephrons to make a patient independent of dialysis, and 
so the idea arose to use two kidneys or to transplant two kidneys for one patient. 

Transplanting two kidneys from one donor to one recipient is associated with 
another inconvenience, namely, prior to transplantation of the kidneys, an open 
biopsy is required and a very careful assessment of the condition of nephrons 
(artherosclerosis) in both kidneys, often performed at night by an experienced 
anatomopathologist. 


4.11.6.2 Surgical Techniques 


When transplanting two kidneys to one recipient, different surgical techniques are 
used, which can be divided into intraperitoneal and retroperitoneal, unilateral and 
bilateral. Some centers transplant two kidneys intraperitoneally, fusing the kidneys 
to the right and left iliac vessels (Fig. 4.96), and some centers prefer retroperitoneal 
transplantation from two separate incisions. Other centers have changed the tech- 
nique of the surgical transplantation of two kidneys: instead of a midline incision or 
two incisions on each side of the abdominal cavity, one incision is made on the 
right side and two kidneys are transplanted retroperitoneally to the right side of the 
recipient. Such an operation was carried out for the first time in the world by 
Douglas Mason from the Virginia Mason Medical Center in Seattle, USA [84]. The 
technique consists of transplanting both kidneys extraperitoneally in the same iliac 
fossa (Fig. 4.97a, b). The procedure begins with the classic Gibson incision, 
preferably on the right side. After creating an adequate extraperitoneal space, the 
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Fig. 4.96 Surgical technique for the transplantation of two kidneys on both sides of the abdominal 
cavity from an intra- or extraperitoneal access. 1—Lower IVC, 2—Aorta, 3—Right side kidney, 
4—Left side kidney, 5—Right common iliac vein, 6—Left external iliac artery, 7—Ureters, 
8—Bladder 


right donor kidney is preferably placed superiorly because its renal vein can be 
lengthened by a segment of the IVC, with mechanical stapling of both (upper and 
lower) openings of the IVC segment. Occasionally, the division of the IVC at its 
upper opening, associated with procurement of the liver, does not allow the use of a 
mechanical stapler. In such cases, we suture the upper IVC opening manually. 
Another reason to position the right kidney super-laterally in the right flank is that 
the right kidney has a longer artery. If necessary, the internal iliac (hypogastric) 
vein is dissected to mobilize the external iliac vein and thus facilitates the renal vein 
anastomoses to the external iliac vein of the recipient. The extended renal vein and 
renal artery of the right kidney are anastomosed end-to-side to the iliac vessels of 
the recipient; these anastomoses are often performed to the external iliac vessels. 
After revascularization of the right kidney, vascular clamps are placed immediately 
below the venous and arterial anastomoses. The left donor kidney is transplanted 
distally, allowing the transplanted right kidney to continue to be perfused. The left 
kidney is positioned inferomedially to the right kidney. The renal artery and the 
vein of the left kidney are anastomosed end-to-side to the external iliac vessels. 


4.11 Author’s Own Experiences: Difficult Cases of Kidney Transplantation 389 


(a) 


3 
REF 
ee ml E 


390 4 Kidney Transplant Surgery Techniques 


«Fig. 4.97 (a) A surgical technique for transplanting two kidneys on the right side of the iliac fossa: 
retroperitoneal or intraperitoneal access. 1—IVC, 2—Aorta, 3—Right kidney is always 
transplanted first, as high as possible, 4—Left kidney is always implanted below the right 
kidney, 5—Common iliac artery, 6—External iliac artery, 7—Right common iliac vein, 8— 
Internal iliac artery, 9—Ureters, 10—Urinary bladder. (b) Surgical technique of unilaterally 
positioned dual kidney transplantation into the right iliac fossa. 1—Right kidney, 2—Right kidney 
renal vein, 3—Right kidney renal artery, 4—Left kidney, 5—Common iliac artery, 6—Ureter of 
the right kidney, 7—Ureter of the left kidney. (The operation was performed, the photograph has 
been made available to me with the kind permission of prof. dr. I.P.J. Alwayn) 


Extravesical ureteroneocystostomies are performed separately, according to the 
Lich-—Gregoir technique, with a double J stent for each ureter, leaving the ureter of 
the upper transplanted kidney lateral to the lower one [86]. 

A limitation of this method is sometimes the difference between the size of the 
two kidneys (from a large donor) and the capacity of the recipient's right 
retroperitoneal space. In this case, the kidneys are transplanted separately from two 
cuts, retroperitoneally on both sides of the iliac plate. Most centers running a 
two-kidney transplant to one recipient program, in cases of a very restrictive and 
selective policy of accepting and transplanting two kidneys to one recipient, were 
able to achieve the results of the recipient's survival and transplants comparable to 
the results obtained in recipients who were transplanted with a good quality single 
kidney. In centers where two kidney transplant programs from one donor are carried 
out, an anatomopathologist is usually employed, who is able to assess the suitability 
of the kidneys for transplantation 24 hours a day, seven days a week by means of 
an emergency pathological examination [83—86]. 


Warning! (Where can you find an experienced pathologist available 24 hours a 
day and seven days a week?) 

Most people who die after the age of 70 years have a lifetime kidney disease or 
systemic disease that is directly or indirectly responsible for the damage to their 
kidney parenchyma during their lifetime. The small number of this type of trans- 
plant results from the fact that often these types of kidneys, after their procurement, 
even if they are offered to one recipient, are assessed by an anatomopathologist and 
are in most cases not suitable for transplantation. The next point is that there are 
very few university medical hospitals in the world where an experienced anato- 
mopathologist is available 24 hours a day and seven days a week. University 
transplant hospitals, where kidney transplant departments have a two-kidney 
transplant program, generally accept kidneys based on their function in the donor’s 
body only, and the approval of the kidneys for transplantation takes place without a 
prior evaluation by an anatomopathologist. At my Department of Abdominal Organ 
Transplantation at the University of Leiden, two kidneys are also transplanted to 
one recipient several times a year and indeed without the participation of an 
anatomopathologist (Fig. 4.97a, b). 


4.11 Author’s Own Experiences: Difficult Cases of Kidney Transplantation 391 
4.11.6.3 Stimulation of Diuresis after Kidney Transplantation 


Living-donor Kidney Transplantation 
Before revascularization 


Maintain central venous pressure (CVP) 5-10 cm H2O, maintain mean arterial 
pressure (MAP) > 60mm Hg and maintain systemic blood pressure 
(SBP) > 90 mm Hg; mannitol, 0.20 g/kg, intravenous over | h, start with the first 
vascular anastomosis; furosemide, 0.20 mg/kg, intravenous during second half of 
vascular anastomosis; consider giving albumin in case of hypoalbuminaemia. 


Cadaveric Kidney Transplantation 
Before revascularization 


Maintain the CVP at 5-10 cm H,O, maintain MAP > 60 mm Hg, maintain 
SBP > 90 mm Hg. Increase the mannitol dose to 1 g/kg (maximum 50 g) intra- 
venous; increase furosemide dose to 1 mg/kg intravenous; albumin, 1 g/kg (to 
50 g), intravenous, over 2—3 h Verapamil, 0-10 mg, into renal artery based on 
blood pressure and weight, [1-4, 24, 43, 93-94]. 

From the European Renal Best Practice (ERBP) Transplantation Guidelines I 
will quote some important and interesting statements. 


1. There is no evidence to prefer one type of solution (crystalloids versus colloids, 
normal saline versus Ringer’s) for intravenous volume management of the 
recipient during kidney transplant surgery. In view of the available data in the 
literature, and in line with the ERBP position on prevention of acute kidney 
injury, we suggest being cautious with the use of starches in the kidney trans- 
plant recipient during the perioperative period, although specific data in this 
setting are lacking. They recommend monitoring for metabolic acidosis when 
normal saline is used as the only intravenous fluid in the perioperative and 
post-operative period [92-94]. 

2. There is no evidence to support the claim that low-dose dopamine can improve 
graft outcome in terms of relevant outcomes; as a delayed graft function (DGF), 
or in the mid and reduction of creatinine levels in the mid- or long term after 
transplantation. The use of low-dose dopamine might induce arrhythmias. They 
do not recommend the use of “renal doses” of dopaminergic agents in the early 
post-operative period, since it does not improve the graft function or survival. 
The ERBP states that the guideline development group judged that the use of 
low dose dopamine could not be recommended [92—94]. 

3. They do not recommend routinely using low-molecular weight heparin, un- 
fractionated heparin or aspirin before transplantation to prevent graft thrombosis 
[92-94]. 
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4. In kidney transplant recipients, what are the effects of using a JJ stent at the time 
of operation on outcomes? The ERBP recommend the placement of a prophy- 
latctic JJ stent as a routine surgical practice in adult kidney transplantation. They 
suggest that if a JJ stent is in place, cotrimoxazole is given as an antibiotic 
prophylaxis. The ERBP suggest removing the JJ stent within four to six weeks 
[92-94]. 

5. They suggest removing the urinary bladder catheter as soon as possible after the 
transplantation, balancing the risk of urinary leak against that of urinary tract 
infection. They recommend monitoring adverse event rates (urinary tract in- 
fection, urinary leakage) in each center, to inform the decision over when to 
remove the indwelling bladder catheter [92—94]. 
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Chapter 5 ® 
Methods of Treatment of Surgical pas 
Complications After Kidney 

Transplantation 


5.1 Bleeding: Surgical Side Bleeding 


Postoperative surgical bleeding in the area of the transplanted kidney may lead to 
compression of the renal vessels and/or kidney transplant. Massive hemorrhaging, if 
not treated promptly, can lead to severe shock with consequences which can lead to 
graft loss and finally patient death. In most cases, bleeding after kidney transplantation 
occurs in the early postoperative period and generally within the first hours and/or 
days after surgery. Postoperative surgical-site hemorrhage which has occurred days 
after surgery was defined as a drop in hemoglobin > 20 g/l over a 24-hour period 
within three days of transplantation, followed by an ultrasound indicating a significant 
hematoma/collection [1, 2]. Bleeding may occur from vascular anastomoses, vessels 
in the renal hilum which dilate following reperfusion, or retroperitoneal tissues sur- 
rounding the graft which were traumatized during the exposure of the iliac fossa and 
mobilization of the iliac vessels. The donor type had a strong effect on the postop- 
erative surgical side hemorrhage (SSH) as the living donor kidney transplants had a 
lower risk of bleeding by 70% versus the deceased donor kidney transplants. Bleeding 
is often captured late into the postoperative period (up to two weeks), but a few studies 
have focused on bleeds occurring within 24—48 h after the kidney transplantation 
[3-5]. It is important to distinguish early and late postoperative bleeds, because the 
latter type are not common due to the surgery but are instead characterized by distinct 
risk factors including biopsy procedures or therapeutic systemic anticoagulation [5]. 

Though perioperative anticoagulant therapy has been associated with an 
increased risk of bleeding [6, 7], a thorough investigation of other potential risk 
factors for SSH has yet to be conducted in the kidney transplant population. 
Furthermore, the effect of postoperative SSH on the long-term clinical outcomes, 
including graft loss or death, requires investigation. 

Although the incidence of postoperative surgical-site hemorrhage in kidney trans- 
plantation is fairly low, it is associated with an increased risk of graft loss and/or death. 
Deceased donor transplants may be the strongest predictor of surgical-site hemorrhage; 
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however, lower recipient BMI may also be considered a significant risk factor. These 
findings can aid in identifying high-risk patients for postoperative hemorrhage to 
optimize their care during the perioperative period. Future studies are warranted to 
determine the underlying mechanisms by which the postoperative hemorrhage in kid- 
ney transplant patients leads to worse long-term clinical outcomes [1]. 


5.1.1 Indications for Emergency Surgery 


e A bleeding leading to hemodynamic instability of the patient after renal 
replacement without clotting disorders should be operated on an emergency basis. 

e A bleeding leading to hemodynamic instability in the patient after renal trans- 
plantation, caused by severe coagulation disorders, should be operated on an 
emergency basis after correcting the coagulation before or during surgery. 


5.1.2 Indications for Intensive Monitoring of a Patient 
with Suspected Bleeding into the Transplanted Kidney 
Area or into the Abdomen 


5.1.2.1. A bleeding that has stopped spontaneously, leaving only a large hema- 
toma in the area of the transplanted kidney, may obstruct the drainage of blood or 
urine from the transplanted kidney, resulting in a renal vein thrombosis, ureteral 
stenosis and/or necrosis, kidney edema or a severe reduction in the arterial blood 
flow to the kidney. A prolonged compression of the hematoma on the renal vein 
and/or artery may contribute to a decrease in diuresis, an increase in arterial 
pressure, elevated creatinine values and can be responsible for not only renal vein 
thrombosis but also for renal artery thrombosis. 


5.1.2.2. A chronic bleeding, leading to a decreasing of hemoglobin value, 
resulting in the build-up of a hematoma around the transplanted kidney, should be 
monitored by the rate and amount of blood loss or drop in the hematocrit or 
enlargement of the hematoma around the affected kidney monitored several times a 
day with Duplex Doppler ultrasound. An increasing of the hematoma volume in the 
retroperitoneal space is responsible for an increase in the pressure on the iliac vessels, 
the vessels of the transplanted kidney, the renal pelvis and/or the ureter. 
A compression of the renal pelvis or ureter may result in difficulties in the flow of urine 
from the renal pelvis to the urinary bladder. On the ultrasound we will see a significant 
widening of the renal pelvis. A hematoma in the retroperitoneal space, affecting the 
blood inflow and/or only outflow disorders through the kidney or ureter, should be 
treated as needed by a radiologist (puncture and drainage) and/or a surgeon. 


5.1.2.3. Any hematoma which is formed in the upper pole of the transplanted 
kidney or around it, for example after an open biopsy, does not expand if it is stable 
and therefore it does not include the iliac and renal vessels and the ureter and may 
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Fig. 5.1 Infected, treated surgically, poorly drained hematoma in the area of the transplanted 
kidney. 1—Subcutaneous tissue, 2—Kidney, 3—Infected hematoma in liquid-solid form 


be treated conservatively. At a later stage, when the hematoma has liquefied or the 
patient has a complaint or the hematoma becomes infected, it can be drained by the 
radiologist or surgically (Fig. 5.1). 


5.1.2.4. Any hematoma around the transplanted kidney suspected of being 
infected (fever, pain, infection of the urinary tract, tenderness or peritoneal 
symptoms when palpating the area of the transplanted kidney) should first be 
punctured with a needle under ultrasound guidance and its contents aspirated into a 
syringe to obtain material for bacteriological examination. In case of the presence of 
bacteria, intravenous administration of an antibiotic should be initiated and as a first 
step the hematoma should be drained with a thick radiographic drain. If this is not 
possible, for example because it is close to the renal vessels or the ureter runs 
through it, the infected hematoma should be immediately surgically drained. During 
drainage, material of the infected hematoma should be collected for further cultures. 
The infected side should be surgically well drained or using radiological drains. 


5.1.2.5. Small hematomas or large hematomas, for example in the area of the 
upper pole, which do not compress any important structures of the transplanted 
kidney and are painless and not infected, can be treated conservatively using the 
“wait and see” method. 
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5.1.2.6. Operative treatment of hematomas around the transplanted kidney: 
Indications for operative treatment are usually large hematomas pressing on 
essential structures of a kidney such as a vein, artery, ureter, or urinary bladder and 
infected and non-infected small hematomas which have been drained by a radiol- 
ogist with radiological drains, but this type of treatment has not been successful. 
Evacuation of a hematoma in the operating theatre takes place with complete 
anesthesia of a patient, administration of antibiotics, and insertion of a catheter into 
a urinary bladder. The operation is carried out under sterile conditions and here are 
the most critical steps. 


a) opening the wound and reaching the hematoma 

b) taking a sample of the hematoma for culture 

c) evacuation of the hematoma and attempt to stop the bleeding 

d) washing the hematoma itself and the transplanted kidney area with hot Ringer’s 
solution or physiological saline 

e) performing accurate hemostasis 

f) leaving silicone drains or Jackson-Pratt-type drains around the transplanted 
kidney 

g) closure of the wound 

h) suturing the skin and subcutaneous tissue with or without covering the wound 
with Prevena or, in the case of massive infection, not suturing the skin, cover 
the entire wound with wet gauze soaked in warm sterile physiologic saline, or 
use a sterile sponge with negative pressure for this type of wound treatment, 
postponing suturing until the wound is free of infection and, once the skin is 
sutured until it heals quickly without complications. 


5.1.2.7. Handling of the radiological drain: we define the daily “production” and 
content of the drain in milliliters, depending on the density of the drained envi- 
ronment. The content may include lymph, urine, pus, fluid and remnants of a 
hematoma. A drain with poor drainage after radiologic control of position can 
always be flushed (passive rinse to keep openings in drain holes: 2 x 5-10 ml, 
active rinse: 500—600 ml of warm Ringer’s solution, warm sterile saline or betadine 
water solution—use very careful irrigation). After cleaning the drain, if the drainage 
is still poor, ask the intervention radiologist to try to replace the thin drain with a 
thicker one or to move the drain to a place that was not drained by it. Always check 
that everything is well drained (ultrasound, CT) before removing a drain. Always 
discuss the removal or correcting the position of the radiological drain with the 
radiologist. 


5.1 Bleeding: Surgical Side Bleeding 403 


5.1.3 Management of Early Sub-renal Capsule Hemorrhage 
Occurring Immediately During or Sometimes Shortly 
After Renal Reperfusion. May Occur After any Form 
of Kidney Donation by Both Deceased and Living 
Donors 


Perform a quick opening of the kidney capsule at the site of the bleeding. It is 
usually a vessel that is bleeding under the kidney capsule, because of the earlier 
contact with the retroperitoneal space in the donor’s body. A small vessel under the 
kidney capsule may not have been ligated or coagulated during or after retrieval and 
kidney benching. In many cases this small vessel has moved under the kidney 
capsule. A bleeding vessel can be very dangerous because, after a kidney reper- 
fusion, it can bleed very intensely under the kidney capsule and detach it and cause 
a giant subcapsular hematoma which finally can destroy the kidney. If you are 
confronted with a subcapsular bleeding during kidney retrieval, procure the kidney 
and preserve it with cold preservation solution. Then open the renal capsule, find 
the bleeding vessel and sew up or ligate it and—if possible—suture the kidney 
capsule. In some cases, one of the contact hemostatic agents may be left under and/ 
or on the kidney capsule before suturing it, and then the capsule may be sutured 
over it. In the event of subcapsular bleeding after kidney transplantation, the cap- 
sule should be opened, the vessel sewn up or coagulated, and then one of the 
hemostatic agents should be applied and the capsule should be sutured (if possible). 

A procured and flushed kidney reduces its volume. This means that the kidney 
parenchyma surface becomes smaller compared to the surface of the kidney cap- 
sule. The suturing of the kidney capsule is performed after the kidney has been 
flushed and before the implantation when the volume of the parenchyma is smaller 
than the volume of the capsule. After transplantation the volume of the kidney 
parenchyma increases rapidly. If the defect of the kidney capsule is very big, we do 
not sew it up but we coagulate the parenchyma of the transplanted kidney capsule 
which usually bleeds. 


5.1.4 Delayed Hemorrhage in Kidney Transplantation: 
A Life-threatening Condition 


One of the most catastrophic complications of kidney transplantation is the 
non-traumatic delayed bleeding caused by an arterial dissection and pseudoa- 
neurysm, which endanger the survival of the graft. Delayed bleeding caused by the 
dissection of the arterial anastomosis is a life threatening event following kidney 
transplantation. Renal artery dissection and pseudoaneurysms in the absence of 
endovascular procedures have been reported after renal transplantation and may 
occur due to adjacent pelvic infections. Although this is a rare complication, its 
importance cannot be overemphasized considering the catastrophic consequences, 
including sudden death. An early recognition of this entity based on a high index of 
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suspicion and subsequently employing the most appropriate treatment are vital for 
its successful management [7]. 

These cases show that non-traumatic hemorrhage after renal transplantation is a 
hazardous event that may occur repeatedly. Hemoglobin decline and hematoma 
around the transplanted kidney—which were present in all our cases before the 
arterial dissection—were associated with a significant risk of infection. In our cases, 
we encountered pus and necrotic tissue before the nephrectomy and the surgical field 
was obviously infected. We think that the infection of the artery at or around the site 
of the arterial anastomosis may lead to an anastomotic leak or local dissolution of the 
arterial wall and, consequently, carry the potential of rupture with catastrophic 
consequences. We therefore believe that hematoma and pus should be drained early 
to prevent morbidity and mortality. The choice of treatment strategy is still a subject 
of debate. Some authors have recommended immediate graft nephrectomy as the 
treatment of choice of the extra-renal arterial dissection after renal transplant [8]. On 
the other hand, re-suturing or re-anastomosis is contraindicated in a contaminated 
field. Endovascular placement of drug-eluting stent (DES) grafts is a valuable 
therapeutic option in cases of renal artery dissection and pseudoaneurysms after 
renal transplantation. It is relatively safe and easy to perform, with good early and 
long-term results and it allows the graft nephrectomy to be performed in a safer 
manner. The placement of DES grafts overcomes the risk of bleeding and allows the 
graft nephrectomy to be performed more easily and safely [9]. To prevent 
non-traumatic massive hemorrhage after renal transplantation due to arterial dis- 
section or pseudoaneurysm, it is necessary to notice post-operative hematomas and 
surgical field infections. We prescribe longer courses of perioperative antibiotics in 
susceptible patients with diabetes mellitus and perirenal hematoma. Massive 
perirenal hematomas should be evacuated as soon as possible to prevent superim- 
posed infection. S. aureus was found in two patients and C. albicans in one patient. 
Prophylaxis with a broad-spectrum antibiotic which is active against staphylococcus 
given at the induction of the anesthesia has been recommended to be of benefit in 
peripheral vascular surgery [10, 11]. We recommend this approach in diabetic 
patients too. When nephrectomy is indicated, stent placement in the common iliac 
and external iliac artery is recommended followed by graft nephrectomy. In con- 
clusion, delayed bleeding after kidney transplantation is a catastrophic complication 
that can occur repeatedly and hence requires aggressive treatment [8-1 1]. 


5.2 Renal Allograft Rupture and Surgical Treatment 


5.2.1 Introduction 


Rupture of a transplanted kidney was first described by Murray et al. in 1968 [12]. 
The cause of rupture of the transplanted kidney is virtually unknown, and its 
incidence is 0.3-9.6%. Rupture of a transplanted kidney usually occurs in two to 
three weeks. Spontaneous renal allograft rupture is one of the most dangerous 
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complications of kidney transplantation, which can result in graft loss. This con- 
dition needs immediate surgical intervention. Conservative management has dismal 
results. Predisposing factors for graft rupture are acute rejection, acute tubular 
necrosis (ATN) and renal vein thrombosis. The most common causes of kidney 
rupture is acute rejection followed by ATN, venous anastomotic obstruction or 
severe narrowing at the anastomosis site, thrombosis or torsion of the renal vein or 
ureter obstruction (in this case the most common one is rupture of the renal pelvis) 
[11]. The mechanism of kidney rupture is most likely a growing kidney and an 
increase in the volume that no longer can be accommodated by the kidney capsule 
[13]. Tulatz et al. measured in 58 patients that the volume of the kidneys was 
established by continuous sonographies of the grafts during the first 25 days after 
the operation. In non-rejecting patients it increased on average by 20%, in rejecting 
and rupturing patients by 35%. The transplants with rupture of the parenchyma 
revealed the greatest increase to the volume maximum per time unit. Sonography is 
a suitable screening method for the purpose of rejection diagnostics and can give 
prognostic statements concerning the threatening rupture of the parenchyma. 
A rapid increase of kidney volume and a constantly high blood pressure indicate a 
threatening rupture of the transplant [13]. In rare cases the kidney allograft rupture 
might present itself as a hematuria; it frequently occurs with the sudden onset of 
pain, bulging and tenderness over the site of the grafted kidney associated with 
hemodynamic alterations and shock. Recently there have been numerous reports 
suggesting that these kidneys may be saved with appropriate management. Success 
rates above 80% have been reported for preservation of these grafted kidneys 
resulting in normally functioning kidneys after repair [11-15]. 


5.2.2 Treatment 


The surgical procedure consists of patient exploration in the operating room and 
reaching the ruptured kidney, its vessel(s) and iliac vessel(s) as quickly as possible. 
If the bleeding is massive from the site of the kidney rupture, the first reaction of the 
surgeon should be to reduce the blood flow to the kidney and in the meantime apply 
pressure to the bleeding kidney rupture. The first vessel that should be taken under 
control is the renal artery by temporary clamping. If this is inadequate or even 
impossible, try to control next the bleeding of the iliac vessels on both sides of the 
arterial anastomosis. Once the bleeding is controlled, the renal vein is assessed for 
its patency. If the renal and/or iliac vein is free of thrombus and the bleeding is 
under control, we can concentrate on deciding whether to repair the kidney or 
perform a nephrectomy. The kidney repair consists of the following options: when 
we are dealing with a kidney rupture we are often confronted with one to several 
kidney fractures which is/are relatively shallow and does/do not extend into the 
renal pelvis. I twist the rolls of the 100% oxidized regenerated cellulose (Surgicel, 
Ethicon), insert them into every rupture in the kidney parenchyma and then I put a 
2/0 Catgut or 2/0 PDS suture 5-8 mm from the edge of the rupture [11, 14]. The 
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Fig. 5.2 Ruptured kidney. The blue arrows indicate the stopping of bleeding by forming a roll of 
100% oxidized regenerated cellulose (absorbable), then inserting it into the kidney rupture 
followed by suturing it for complete hemostasis. The material used for hemostasis has bactericidal 
and bacteriostatic properties 


sutures I put on quite densely, 5-7 mm apart, deeply pass under the bottom of the 
rupture. The ends of the sutures are then tied on the soluble cellulose rollers inserted 
into the rapture gap. We tie the sutures on the rollers very slowly and with high 
sensitivity, so we do not cut the kidney parenchyma during tying. Remember that a 
ruptured kidney is large, swollen and its parenchyma is very fragile and easily 
damaged during sewing. If the tying is too tight, parenchyma may be severed, 
injured and torn, leading to even more bleeding and more blood loss (Fig. 5.2). 
Other surgical methods of treating a kidney rupture that are described in modern 
literature include temporary clamping of the renal artery, similar to the method used 
in partial nephrectomy. Second, at the time of temporary clamping of the renal and/ 
or iliac artery, a hemostatic matrix (FLOSEAL; Baxter International) could be 
sprayed on the surface of the renal graft. The third possibility mentioned above, 
consists of compressing the whole renal parenchyma with both and applying a dry 
pad for five minutes on the whole surface. Finally, remove the pad and wrap the 
graft with oxidized cellulose (SURGICEL; Ethicon). Other methods for repairing 
kidney rupture are: large mattress Dexon absorbable sutures tied over Teflon 
pledgets and applying prolonged pressure on the exposed kidney [2]; large mattress 
Dexon absorbable sutures tied over a piece of external oblique aponeurosis; and [3] 
2/0 Dexon sutures tied over a piece of Surgicell or autologous fat. All surgeons used 
all the above mentioned methods with quite a good success rate [11, 14, 15]. 
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Any kidney rupture that comes into contact with the renal pelvis, a second 
rupture and any subsequent kidney rupture within a short period of time, followed 
by acute rejection, are all indications to remove the transplanted kidney without 
attempting any repair. 


5.3 Renal Artery Thrombosis 


Renal graft survival has improved over recent years, mainly owing to better 
immunosuppression. The incidence of arterial thrombosis was reported to be 0.2— 
7.5% with the highest incidence among children and infants, and the lowest in 
living donor reports. The most significant risk factors for developing thrombosis 
were the donor-age below 6 or above 60 years, or the recipient-age below 5- 
6 years, pre- or postoperative hemodynamic instability, peritoneal dialysis, diabetic 
nephropathy, a history of thrombosis, deceased donor, or >24 h cold ischemia. 
Multiple arteries were not a risk factor [16]. Despite meticulous attention to reduce 
thrombotic risk factors, thrombosis cannot be entirely prevented, which means that 
an early detection of this complication is desirable in order to save the kidneys 
through prompt reoperation. The cause of renal artery thrombosis is multifactorial 
and thus can be found in various circumstances, such as: (usually) a bad position 
(twisting, bending, kinking—technical factors), a hypercoagulable state, acute 
rejection, poor cardiac output, delayed graft function, a history of previous 
thrombosis, renal artery intima injury, atherosclerotic plaque separation from the 
renal artery wall of the transplanted kidney, the recipient’s iliac artery at the 
anastomosis site and/or any type of damage caused by the clamp used to close the 
atherosclerotic altered iliac artery above or below the anastomosis site—in this case, 
not only the transplanted kidney but also the recipient’s lower limb is at risk. As I 
mentioned earlier, prevention is the best treatment, so in cases of poor pulsation of 
the renal artery and insufficient blood supply to the kidney, using a direct flowmeter 
and measuring the speed of blood flow through the renal artery and the iliac arteries 
before closing the surgical wound appears to be the treatment of choice. Of course, 
in many hospitals it is not possible to measure the blood flow directly but we have 
our own finger, experience and the possibility of aggressive monitoring after the 
operation (Doppler ultrasound, angiography directly from the femoral artery 
puncture or computer or magnetic angiography). CTA (computed tomography 
angiography) remains useful as a diagnostic tool in the assessment of the transplant 
arterial anatomy; particularly when there is a significant tortuosity of the donor’s or 
recipient’s artery or if the patient’s factors, such as body habitus, limit a satisfactory 
sonographic evaluation [17]. 

If, after transplantation, the kidney does not urinate, the patient’s arterial pres- 
sure should be continuously monitored, a Doppler ultrasound should be performed 
twice a day to monitor the correct blood supply to the transplanted kidney and the 
correct flow through the transplanted kidney vessels. In case of doubt about the 
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blood supply or outflow, the next examination to be performed is the direct com- 
puter angiography (angio-CT). 

If, after a kidney transplant, the kidney secretes urine correctly and then sud- 
denly stops or slowly starts to decrease, the first step to be performed is a Doppler 
ultrasound of the transplanted kidney, especially the renal vessels, including an 
examination of the iliac vessels on the transplanted kidney side. If there is any 
doubt as to the blood flow in and from the kidney, computer angiography or 
classical angiography should be performed to show the normal or abnormal arterial 
blood supply to the transplanted kidney and the flow through the iliac arteries. 

Early detection of an incomplete renal artery thrombosis can be attempted by 
administering intravenous heparin in a continuous infusion of heparin and/or by 
trying to dissolve the clot locally with clot-dissolving drugs like urokinase. Surgical 
treatment is not indicated when the single intrarenal arterial branch or branches are 
involved in thrombosis. In any case, it is best to consult a vascular surgeon and an 
interventional radiologist who can attempt to aspirate the clot during direct 
angiography, e.g. from the lumen of the renal artery or branches. Another method of 
treating renal artery obstruction by the radiologist may be to leave a thin drain near 
or at the beginning of the thrombus. Urokinase will be injected very slowly over 24 
hours through a drain placed in this way to dissolve the clot closing the renal artery. 

A very important factor preventing the occurrence of renal artery thrombosis is 
the state of surgeon training in vascular anastomoses and microsurgery. A wrong 
approach, wrong vascular reconstruction of a renal artery and then wrong technical 
anastomoses are a frequent cause of renal artery thrombosis. Repeated execution of 
vascular anastomoses eventually leads to a longer time of warm ischemia, 
destruction of a vessel wall (intima damage) and thrombosis. All these are iatro- 
genic injuries of vessels caused by wrong or insufficient training of a surgeon in 
vascular surgery and vascular anastomoses. Let us remember that a thrombosis of 
the renal artery can appear in a few minutes after the execution of the anastomoses 
and the restoration of blood circulation through a kidney. 

During a thrombosis of the renal artery there is one thing to remember: if the clot 
covers only the trunk of the renal artery and does not penetrate into the kidney, if 
we act quickly we can try to save the kidney by submitting it to treatment by an 
interventional radiologist or by a vascular and/or transplant surgeon. If a thrombosis 
of the small arterioles inside the parenchyma has taken place, then the chance of 
saving the kidney is almost zero. 

As atule, a total thrombosis of the renal artery ends in irreversible changes in the 
parenchyma of the kidney. It should be remembered that a kidney and its ureter are 
very sensitive to ischemia and in the absence of blood flow they easily undergo very 
serious injuries. Let us not delude ourselves that everything can be repaired—this 
complication in most cases, unfortunately, ends with the removal of the kidney. 
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5.4 Transplant Renal Artery Stenosis or Renal Artery 
Stenosis of the Transplanted Kidney 


5.4.1 Introduction 


Transplant renal artery stenosis (TRAS) is the most common vascular complication 
of renal grafts with incidences ranging from | to 23%. It occurs most frequently in 
the first six months, but it can present itself at any time after transplantation. TRAS 
usually manifests itself several years after a kidney transplantation. In slim patients 
with a large narrowing of the renal artery, a vascular murmur can be heard over the 
transplanted kidney. Renal hypoperfusion occurring in the TRAS results in acti- 
vation of the renin—angiotensin—aldosterone system; in these patients, the usual 
form of renal artery stenosis manifests itself in the form of difficult to control 
hypertension with worsening after almost every treatment, fluid retention (foot 
oedema), congestive heart failure and often allograft dysfunction. All these 
symptoms may occur in patients whose intraluminal diameter of the renal artery is 
narrowed by more than 50-70% [18-36]. 


5.4.2 Etiology 


Several risk factors for the TRAS have been reported, including: older recipient’s 
age, retrieval damage caused to the renal artery, intimal damage at the time of 
retrieval and benching perfusion, atheroma at the site of anastomosis, [19] faulty 
suture technique, disparity in the diameters of the donor’s and recipient’s arteries in 
end-to-end anastomosis, [20] prolonged cold ischemia time, acute rejection, [21] 
and cytomegalovirus infection [22]. Some authors have reported a higher incidence 
of the TRAS in cadaveric donors (13.2—17.7%) than in living donor renal trans- 
plants [23-26]. In this study, the incidence of the TRAS in deceased donors was 
11.5%. The following factors can be responsible for renal transplant artery stenosis 
after kidney transplantation over different periods of time, such as: an inexperienced 
surgeon, bad surgical technique, more than one renal artery, kinking of the renal 
vessels, cytomegalovirus, BK virus, severe atherosclerosis, infection and rejection 
[20-26]. 


5.4.3 Diagnostics 


Stenosis diagnostics include Doppler ultrasonography, classical angiography with 
pressure measurement before and after stenosis, computer angiography and mag- 
netic resonance angiography (MRA) [18, 25]. 
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5.4.4 Treatment 


PTA is the gold standard and treatment of choice. The most popular operation is to 
excise the stenosis with an end-to-side or end-to-end re-anastomosis of the renal 
artery with the previously prepared renal and/or internal iliac artery. Other surgical 
methods consist of releasing the kinking, local endarterectomy, or a bypass with a 
vascular conduit from the saphenous vein, hypogastric artery and/or donor vessels. 
Revision open surgery which is considered a rescue therapy is reserved for patients 
with unsuccessful angioplasty or with complicated stenosis [26, 27]. The success 
rate ranges from 63 to 92%, and the recurrence rate is around 12%. The surgery has 
high complication rates such as ureteral injury (14%), graft loss (15-20%), reop- 
eration (13%) and mortality (5%) [36, 37]. PTA with stenting is now recognized as 
the treatment of choice. The technical success rate of the endovascular treatment is 
reported as between 89 and 100% [29-34] while clinical success is around 65.5— 
94% [19, 31, 33]. PTA alone carries a higher risk of restenosis with an incidence 
ranging from 16 to 62% [33]. However, restenosis following by a PTA and stenting 
are low, varying from 5.5 to 20% of cases [35, 36]. 


5.5 Renal Vein Thrombosis 


5.5.1 Introduction 


Complete renal vein thrombosis (RVT) after renal transplantation has an incidence 
of 0.55—3.4% and accounts for up to one-third of early allograft losses. Transplant 
renal vein thrombosis (TRVT) of an allograft has a dramatic clinical presentation 
and is one of the main causes of early graft dysfunction after renal transplant, with a 
reported prevalence of 0.1-4.2% of all transplants. When an early post-transplant 
RVT occurs, prior to the development of the collaterals (no venous outflow), it may 
be catastrophic and cause kidney rupture, loss of the allograft and may even lead in 
very complex cases to the recipient’s death. Early diagnosis and urgent treatment 
are necessary but often unsuccessful. The prevalence of TRVT is higher in kidneys 
derived from deceased-donor as opposed to living-donor transplant. This may be 
because in kidneys derived from living-donor transplants procedures are usually 
done under more favorable conditions and are not usually subjected to ischemic 
injury. We must take into account, also, patients with an end stage kidney insuf- 
ficiency who are hypercoagulable, for example, patients with systemic lupus ery- 
thematosus (SLE). In a large series, 73% were detected with a median delay of 
eight days suggesting that RVT develops gradually, presumably beginning as 
partial vein thrombosis. There may thus be a narrow but important window for early 
diagnosis of partial RVT, which would allow for timely intervention, e.g. starting 
anticoagulants [37-43]. 
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5.5.2 Manifestation, Detection and Thrombolytic Therapy 


Clinical manifestation of chronic or partial renal vein thrombosis after kidney 
transplantation is usually asymptomatic. Conventional ultrasonography with color 
and spectral Duplex Doppler is used for early detection of complications and 
evaluation of the renal allograft. The diagnostic capability of ultrasonography is 
influenced by the patient’s body habitus and the radiologist’s skills. Although 
angiography or CT angiography remains the standard for the diagnosis of renal 
vascular pathology, it is invasive and associated with significant nephrotoxicity. 
Other investigations, such as nuclear medicine scintigraphy or magnetic resonance 
angiography, offer excellent alternatives to the criterion standard with no nephro- 
toxicity and a greater sensitivity than ultrasonography. Partial renal vein thrombosis 
can be treated at the beginning conservatively by the implementation of thrombolytic 
therapy, which is the administration of drugs whose task is to dissolve in our case the 
thrombus in the renal vein. There are two ways as to how thrombolytic agents can be 
given: peripheral intravenously (IV) (systemic thrombolysis) or percutaneously 
through a catheter (thin tube) that has been navigated to the site of the clot. The 
length of a treatment session varies depending on the underlying cause. A session 
can take from 60 minutes to 48 hours. Systemic thrombolytic treatment can cause 
life-threatening hemorrhage, especially in the perioperative period. A catheter 
directed thrombolysis is more suitable for the treatment of complete and partial renal 
vein thrombosis especially later after kidney transplantation when surgical access 
could be difficult and a danger to the graft. Catheter directed thrombolysis can be 
sometimes combined with suction of the thrombus [40]. 


5.5.3 Surgical Treatment 


5.5.3.1 Introduction 


The surgical management of renal vein thrombosis, in particular early 
post-transplantation, must include surgical exploration of the allograft. Operative 
interventions can facilitate a better evaluation of the cause of thrombosis and can 
allow for the correction of technical complications. The most important in surgical 
treatment of renal vein thrombosis is not only the thrombectomy, but first of all it is 
the repair of the cause of the thrombosis: in the case of stenosis of the venous 
anastomosis, its surgical revision and re-anastomosis; in the case of vein bending, 
shortening it and re-anastomosis with the iliac vein or the stump of the renal vein; in 
the case of its twisting, new anastomosis; and in the case of acute rejection as the 
cause of thrombosis, introduction of aggressive antirejection therapy. 

Surgical thrombectomy should be attempted whenever we hope to restore nor- 
mal blood flow from the kidney. It is only likely to be successful if the thrombus is 
located in the main stem of the renal vein and/or in the iliac vein and there is no 
thrombosis of the small intrarenal veins yet. 
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A total massive renal vein thrombosis is dramatic. The kidney slowly decreases 
the urine production (from oliguria to anuria) with a rapid onset of hematuria. The 
transplanted kidney systematically increases its volume which causes tension in the 
renal capsule and peritoneum. The patients feels therefore more and more pain at 
the place of the transplanted kidney. Rapid closure of the renal vein may lead to 
kidney rupture, hemorrhage and finally to hemorrhagic shock and even death in a 
very short time. In this case, the patient requires immediate surgical or radiological 
intervention and massive and rapid blood transfusion. 


5.5.3.2 Surgical Thrombectomy of the Complete Thrombosed Renal 
Vein Soon After Transplantation: The Most Important 
Surgical Steps 


1. Good diagnosis: use color Doppler, angiography, CT or MRI angiography for: 


(a) thrombosis of the renal vein with restriction only to the main renal vein; 
(b) thrombosis of the renal vein with thrombus elongation, protruding into the 
iliac vein above and/or/only below into the iliac vein(s). 


2. In the operating room: open the old incision and install a professional abdominal 
retractor. 

3. Evaluate the kidney in terms of survival: Is it a blue, swollen, enlarged organ 
with very good pulsation in the renal artery (open) or is it swollen, black, with 
very bad or no flow through the renal artery? 

4. Think during surgery about the indications for intravenous heparin and give it if 
needed. 

5. Palpate the renal and iliac veins delicately in order to find the end of the clot 
below and/or above the anastomosis of the renal vein with one of the iliac veins. 
Place soft vascular clamps below and above the thrombus anastomosis. When 
thrombosis is found with extensions to the common and external iliac vein, do 
not place vascular clamps on the thrombus. Very slowly try to feel with your 
finger where it ends and where it begins. The clamped veins should be com- 
pletely free of clot. 


(a) There is no stenosis of the anastomosis but a thrombus extending from the 
renal vein to one of the iliac veins or the IVC: Cut transversely 30% of the 
circumference of the renal vein at a distance of about 2 cm from the renal 
hilum. Use the Fogarty embolectomy catheter or your fingers to move the 
clots outside the renal vein and rinse copiously the lumen of the renal and 
iliac vein(s) with heparinized physiologic saline solution chloride. 

(b) The second possibility is that there is no stenosis in the place of anastomosis 
between the anastomosis of the renal vein which is anastomoses “end to side” 
with one of the iliac veins, there is no thrombus or thrombus extension, so 
there is no risk that by placing a clamp on one of the iliac veins you will break 
up a clot that could cause a pulmonary embolism in a kidney recipient. You 
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can use only one Satinsky clamp and use it for closing the iliac vein below the 
anastomosis then cut transversely 30% of the circumference of the renal vein 
at a distance of about 2 cm from the renal hilum. 

(c) If it is very difficult to perform an embolectomy via one opening in the 
renal vein’s wall then you can make two or three incisions in the renal and/ 
or iliac veins to clean the clots properly. 


6. After a successful thrombectomy operation, if you think that the operated kidney 
has a chance of survival, close the renal and/or iliac vein without any stenosis, 
place one or 2 JP drains around the kidney, close the patient and send him or her 
to the ICU or medium care unit (MC), prescribe heparin IV and warfarin to 
obtain an international normalized ratio of 2.0-3.0 in a period of eight weeks. 
The dosage of anticoagulant tablets must not exceed an INR (International 
Normalized Ratio) value of 2.5-3.5. 

7. If the kidney is swollen and black with a renal vein thrombus and there is very 
poor or even no pulsation on the renal artery, perfom a graftectomy and/or if 
necessary a thrombectomy of the iliac vein(s). Perform after that a good 
hemostatis, leave the JP drains, close the patient and send him/her for obser- 
vation to ICU or the MC. 


Warning! (Shortly after transplantation) 

Pain in the area of the transplanted kidney, a decreased amount of urine secreted 
and an increased concentration of creatinine in the blood are indications for 
immediate ultrasound examination by Duplex Doppler. 


Warning! (Black kidney: do not be afraid to perform a graftectomy) 

Remember that an ischemic, dead organ kept in the recipient’s body for too long may 
lead to shock or even the death of the recipient in a very short time. In such cases, 
always save the recipient, not the organ, at all costs! If the recipient survives all this, 
has good vessels and is young, he/she will still have a chance to get a new kidney. 


Warning! (Avoid an air embolism) 

After the complete closure of a large section of the iliac vein and the removal of the 
kidney, the inside of the vein should be filled with a saline solution with heparin 
before completing the suturing of the iliac vein or stump of the renal vein to prevent 
air embolism. Then release the first clamp located closer to the inguinal ligament 
and when the whole closed section is filled with blood, close it with a suture and 
release the clamp which was placed closer to the IVC. 


Summary Based on the Literature 

Renal vein thrombosis can not only lead to the loss of the graft itself but may also 
result in a high mortality rate due to graft rupture and embolic complications [38]. 
Successful revascularization with thrombolytic therapy, thrombus-aspiration or 
direct surgical thrombectomy have been reported [39-41]. Interestingly, one case 
series demonstrated a significant reduction in renal vein thrombosis following 
kidney transplant in patients receiving a low-dose of Aspirin [42, 43]. 
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5.6 Urine Fistula/Urinary Leakage 


5.6.1 Introduction 


A post-transplant urinary leakage is the so-called Achilles heel in kidney transplant 
surgery. Urinary leaks can be divided into early and late leaks and those producing 
(draining) small and large amounts of urine. The surgeon is responsible for early 
leaks up to the fourth or fifth day after the transplant and for the technical mistakes 
that probably were made during the kidney harvest, preparation of the ureter and 
making a new anastomosis between the ureter and the bladder. Fistulas formed after 
the fifth day and later after kidney transplantation are usually caused by insufficient 
blood supply or other types of damage to the ureter leading initially to its ischemia 
and later to its necrosis. Fluid collection during the postoperative period can be 
caused by urine leak or lymph leak of seroma. Urine fistula/leakage is the most 
common early complication, occurring in 1.2—8.9% of renal transplant patients. 
Urinary fistulas occur usually during the first four weeks after surgery and represent 
more than 50% of all urological complications [44]. The type of ureter-urinary 
bladder anastomosis with the lowest risk of fistulas is the method of extra urinary 
ureter bladder anastomosis, i.e. the Lich-Gregoir method. Urine leak is considered 
to be less common in patients whose ureterovesical anastomosis has been con- 
ducted with the use of an indwelling double J ureteric stent. Biochemical analysis of 
the drained liquid is essential and should be compared with a concomitant serum 
sample [44]. Urinoma can manifest itself in the form of increased drainage, delayed 
graft function or even sometimes wound leakage [45]. In most cases the drained 
liquid will show high creatinine and potassium levels in the drained or aspirated 
fluid. The place of the urine leakage may be the renal parenchyma with a minor or 
major calyx, the renal pelvis, the ureter and bladder, or ureter-bladder anastomosis, 
but the most common postoperative site of the urine leakage is the anastomosis of 
the ureter with the urinary bladder [44]. As far as the ureter and the renal pelvis are 
concerned, urine leakage occurs when the wall of the ureter or renal pelvis is 
somehow damaged. It is mainly mechanical damage—an incision, perforation or 
rupture as a result of a complete blockage of the urine drain from the pelvis or the 
ureter to the urinary bladder or thermal damage caused during kidney procurement 
or transplantation. If the incision of the ureter or pelvis is very small and the kidney 
is transplanted with a JJ catheter in the urinary tract, the incision usually heals 
spontaneously. Within a few days, the coagulated wall of the renal pelvis or ureter 
wall becomes necrotic and starts to pass urine outside, causing it to leak into the 
extraperitoneal space. It should be remembered that sometimes the stenosis of the 
ureter-bladder anastomosis is caused directly by its edema (for example a massive 
swelling of the ureter which has not been drained by a JJ catheter). Severe edema of 
the ureter-urinary bladder anastomosis may lead to a complete or partial closure of 
its lumen and thus impede the outflow of urine from the renal pelvis and a sig- 
nificant distension of the ureter followed by a urinary tract infection (UTD, 
pyelonephritis, ureter and/or renal pelvis necrosis, and/or rupture. 
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5.6.2 Unusual Description of Two Cases with Urinary 
Leakage (Author’s Own Experience) 


5.6.2.1 First Patient 


I describe here a rather rare case of urine leakage after kidney transplant. One week 
after transplantation, the transplant function was good. After two weeks, the amount 
of urine suddenly decreased, there was almost a double increase in creatinine 
concentration in the blood, and the patient started to complain about increasing 
abdominal pain in the area of the transplanted kidney. The ultrasound showed a 
small amount of fluid around the kidney and the kidney scintigraphy (99mTc-MAG 
3) showed a clear leak of urine into the retroperitoneal space. A small amount of 
fluid around the transplanted kidney was drained with a radiological drain, and a 
fluid sample was taken to determine the concentration of creatinine and to perform a 
culture. Very high creatinine values were found in the examined fluid. The patient 
was operated on and in the extraperitoneal space a small amount of fluid was found, 


Fig. 5.3 1—Silicone drain with protruding holes left after the previous operation. The lateral 
holes of the drain removed urine from the extraperitoneal space to the area of subcutaneous tissue, 
which then escaped through the wound, 2—Subcutaneous tissue 
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Fig. 5.4 The area of the transplanted kidney without obvious signs of urinary leakage. Third 
reoperation. 1—Kidney transplant, 2—Ureter, 3—Spermatic cord, 4—Urinary bladder 


which was taken into the syringe, again to perform bacteriological examination. 
During the operation the ureter-urinary bladder anastomosis and renal pelvis of the 
transplanted kidney were checked: no abnormalities were found in their blood 
supply and no mechanical damage was detected. Next the urinary bladder was filled 
with warm Ringer’s solution and there were no leaks from the ureter-urinary 
bladder anastomosis. The cultures were taken from the abdominal wall (muscles 
and subcutis tissues). The surroundings of the transplanted kidney were rinsed with 
a few liters of warm Ringer’s solution, drained with two drains and the incision was 
closed. From the second day after the operation the “production” of the drain left 
around the transplanted kidney started to increase and diuresis started to decrease. 
The concentration of creatinine in the fluid removed by the drains was again to our 
surprise very high. An ultrasonography of the transplanted kidney showed a normal 
renal pelvis and a small amount of fluid around the transplant. The kidney 
scintigraphy showed even greater urine leak into the retroperitoneal space. Since the 
production of the drain did not decrease but increase and the urine started to leak 
through the wound, we decided to reoperate the patient. As you can see in Fig. 5.3, 
the lateral hole of the silicone surgical drain was situated in the subcutaneous tissue, 
which explains the leakage of urine through the wound. The use of a professional 
abdominal retractor gave us a very stable surgical field (Fig. 5.4). The area around 
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Fig. 5.5 1—An excised distal ureter closed by a swollen mucosa with a thrombus completely 
occluding its lumen 


the transplanted kidney was one more time very carefully examined, the fluid 
around the kidney was taken for culture and then the entire extraperitoneal space 
around the kidney was rinsed with a warm Ringer’s solution. The bladder was filled 
up under tension with warm saline solution. Unfortunately, the ureter-urinary 
bladder anastomosis was tight. The urine with the renal pelvis was examined very 
carefully, but no source of leakage was found anywhere. How to check where the 
leak is located? There is an option for the patient, i.e. intravenous administration of 
sterile methylene blue and waiting for about one to two hours until a green urine 
leakage site appears somewhere. We chose the short version consisting of cutting 
off the ureter-urinary bladder anastomosis with, under slight pressure, direct 
injection of a small amount of methylene blue dissolved in saline into the ureter and 
renal pelvis. This patient had already been operated on several times with poor 
results; this time during the operation we decided to choose such a method of 
treatment that would provide a 100% solution to the problem in the shortest pos- 
sible time. The ureter-urine bladder anastomosis was cut off. The ureter and urinary 
bladder mucosa were very swollen. The ureter-urinary bladder anastomosis was 
open but 1 cm before it a thrombus was visible in the lumen of the ureter, which 
completely closed its lumen (Fig. 5.5). We shortened the ureter twice, the first time 
the ureter was shortened by 2 cm but its lumen closed and did not look normal. The 
second time we shortened the ureter by 1 cm, we saw a healthy open lumen of the 
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Fig. 5.6 The ureter-urinary bladder anastomosis was completely detached from the urinary 
bladder. 1—Injection of methylene blue into the lumen of the detached ureter picture shows 
leakage from the anterior renal pelvic wall of the transplanted kidney, 2—Transplanted kidney, 3 
—Syringe filled with diluted saline and methylene blue, 4—A special curved and thin cannula 
inserted into the ureter, which was closed around the cannula surgeon’s fingers to prevent the 
leakage of dye administered into the ureter and renal pelvis 


ureter with a healthy-looking mucous membrane. At this point, I decided to place a 
thin tube in the lumen of the ureter and to inject with a syringe under slight pressure 
methylene blue into the ureter and renal pelvis. A few seconds after administration, 
the urine stained with methylene blue began to flow out of the medial surface of the 
renal pelvis (Fig. 5.6). The site of damage to the renal pelvis (the rupture was about 
5 mm) was found and sutured, the kidney was slightly mobilized and a new ureter- 
urinary bladder anastomosis was made in the same place with decompression with a 
JJ catheter (Fig. 5.7). The further postoperative course was uneventful. 

I have described a rare case of rupture of the renal pelvis due to the narrowing of 
the uretero-bladder anastomosis caused by an anastomotic edema and, additionally, 
the closure of the ureter outflow by a thrombus (which most probably formed 
during the bleeding from the anastomosis of the ureter with the urinary bladder of 
the transplanted kidney, or renal pelvis), which resulted in complete closure of the 
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Fig. 5.7 Once the leak has been localized, the renal pelvis is sutured and the ureter is implanted in 
the same place in the urinary bladder with which it was previously anastomosed. 1—Transplanted 
kidney, 2—Ureter implanted in the same place as before, 3—Urinary bladder, 4—Spermatic cord, 
5—Ureter, 6—Renal pelvis sewn with two PDS 4/0 stitches 


ureter and ureter-urinary bladder anastomosis which in effect led to the rupture of 
the renal pelvis and a leak of urine. 

As mentioned before, the most common site of urinary leakage is the ureter- 
urinary bladder anastomosis. The causes of anastomotic leakage are all types of 
ureteral blood supply disorders, which include: anatomical anomalies; external 
pressure; technical errors in the procurement and preparation of the ureter and renal 
arteries leading the blood mainly to the lower pole of the kidney and/or during 
kidney transplantation, for example long warm ischemia time, low blood pressure 
during kidney revascularization and/or low pressure in the post-operative period. 

Please never forget that the insufficient blood supply to the ureter after trans- 
plantation will always lead to poor healing, urine leakage, infection, fibrosis or even 
necrosis of the transplanted ureter. Also do not forget about the influence of other 
factors on the ureter, such as BK virus infection [45] and rejection. 
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5.6.2.2 Second Patient 


This is a typical example of a patient with a urinary leakage resulting from ureter 
necrosis at the site of a ureter-urinary bladder anastomosis. 


Clinical presentation: six days after the kidney transplant, the patient developed 
severe and increasing pain in the area of the transplanted kidney. 


Actions taken: 


ultrasound—fluid collection around the kidney graft; 

scintigraphy—to show a urine leakage; 

percutaneous drainage of the fluid by the intervention radiologist; 

fluid collection for biochemical and bacteriological examination (high creatinine 
value in the drained fluid and/or a urine infection); 

e first attempt at conservative treatment by antibiotic therapy IV and reinserting a 
catheter into the urinary bladder, placing nephroureterostomy catheter by an 
interventional radiologist both treatments failed after a few days due to 


Fig. 5.8 Transplanted kidney: distal ureter necrosis. 1—Urinary bladder, 2—Spermatic cord, 3— 
Necrosis of the ureter and urine leak, 4—Well arterial blood supply ureter of the kidney 
transplanted is seen above the level of the spermatic cord 
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increasing urine leakage, icreatinine, pain in the transplanted kidney area and 
fever 
e no improvement—first reoperation with attempt to repair the ureter. 


Operation stages: 


e explore the transplanted kidney; 

e culture all the fluid collection around the kidney graft, ureter and urinary 
bladder; 

e rinse the area of the kidney and urinary bladder with warm Ringer’s solution; 

e carefully inspect the renal pelvis, ureter and vesico-ureteral anastomosis 
(Fig. 5.8); 

e assess the complications arising and a plan for their surgical treatment. 


Treatment of this type of complication usually consists of removing the necrotic 
end of the ureter and reattaching it to the bladder or native ipsilateral ureter at 
the same or a different place (Fig. 5.9). Due to the shortening of the ureter, the 
uretero-bladder anastomosis cannot be performed under tension. Sometimes the 
ureter—despite its shortening—is long enough and the ureter-urinary bladder 


Fig. 5.9 New uretero-bladder anastomosis. 1—Urinary bladder, 2—Ureter, 3—Spermatic cord 
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anastomosis can be performed without tension. If the ureter, after being cut off, 
with a good blood supply, is not long enough, then this is an indication to 
mobilize the urinary bladder or the kidney, or both, in such a way that the new 
uretero-bladder anastomosis is not under tension. In case of the complete 
necrosis of the ureter, after excision of the necrosis, the end of the ureter or the 
renal pelvis can be anastomosed with the recipient’s ureter by decompressing 
the anastomosis with a JJ catheter and if necessary a psoas hitch. Urinary 
bladder mobilization and fixation to the psoas muscle, called a psoas bladder 
hitch (PBH), is a surgical technique of first choice for the reconstruction of the 
ureter after partial resection. Psoas hitch ureteral reimplantation can be suc- 
cessfully used for bridging defects of the lower ureter up to 10 cm in length in 
difficult clinical situations [46] (Fig. 5.10). 


.2.3 The Most Common Causes of Pathological Changes Occurring 


During Organ Procurement, Benching and After 
Transplantation in the Ureter of the Transplanted Kidney 
[46-50] 


. Injury to the renal artery or small accessory renal artery running to the lower 


pole of the kidney during the kidney procurement or inspection before 
transplantation. 


. Procurement of the ureter with too little tissue and/or excision of too much 


perirenal tissue. 


. Acute kidney rejection. 

. Infection with BK virus (polio virus) or cytomegalovirus (CMV). 

. All kinds of injuries caused by the insertion of the bladder catheter. 

. All kinds of ureteral mechanical injuries due to wrong positioning of the JJ 


catheter including ureter or renal pelvis perforation during JJ insertion. 


. Compression of the ureter of the transplanted kidney from the outside (he- 


matoma, urinoma, spermatic cord, inferior epigastric vessels, lymphocele). 


. In kidneys with multiple renal arteries, more frequent appearance of urinary 


fistulae was observed, most probably resulting from damage to the blood 
supply to the ureter during organ procurement and/or preparation. 


. Leaving the ureter too long may also lead to disorders of its blood supply (the 


longer the ureter, the greater the risk of its ischemia, especially at the end) and 
kinking; chronic ischemia can lead to ureteral strictures. 


. Donor age, recipient age, delayed kidney function [44-50]. 


Type of donor: DBD, DCD, living, euthanasia. 

Other causes: slight rupture of the bladder during uncontrolled filling before the 
operation, sudden closure of the lumen of the catheter inserted into the bladder 
with clots or other material, prostatic hyperplasia, torsion of the ureter, swelling 
of the uretero-bladder anastomosis and finally a technical error, i.e. incorrect 
anastomosis, e.g. with peritoneum or with colon. 
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Fig. 5.10 Ureter necrosis, almost to the renal pelvis. Excision of necrotic ureter. 1—Mobilized 
urinary bladder, 2—Rest of the ureter at the border of the renal pelvis long anastomosis between 
the rest of the ureter and urinary bladder, 3—Transplanted kidney, 4—A Nephrostomy catheter 
inserted through the skin into the kidney pelvis was inserted into the pelvis at the start of treatment 
together with the insertion of the bladder catheter 
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5.6.3 Symptoms of Urinary Leakage 


pain or discomfort in the area of the transplanted kidney and/or lower abdomen; 
slow or sudden deterioration of the graft function; 

reduction in urine production; 

increasing drain output; 

increase in blood creatinine levels; 

high levels of creatinine in drained fluid from the area of the transplanted 
kidney; 

swelling of the labia on the side of a transplanted kidney in women; 

in men, pain in the testicle on the side of a transplanted kidney; 

redness and pain in the wound 

sometimes leakage of urine through the wound (Fig. 5.11) [44-50]. 


Fig. 5.11 1—Leakage of urine through the wound: urinary leakage 
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5.6.4 Treatment of Urinary Leakage 


5.6.4.1 Conservative 


Conservative treatment consists of maximal decompression of the whole system by 
drainage of the renal pelvis with an external drain (to reverse the flow of urine), 
drainage of urine around the kidney with a radiological drain, decompression of the 
bladder by means of a transurethral bladder catheter into the bladder, decompres- 
sion of the anastomosis of the urinary bladder and the ureter by means of a JJ drain, 
which is inserted by the radiologist from above (via renal pyelum drain). The 
transurethral bladder catheter is changed if blocked and removed after two weeks in 
a high-risk case. A blocked JJ stent can be changed cystoscopically over a guide 
wire. If a JJ stent is not present, it is placed either as I mentioned above retrograde 
cystoscopically, which is technically challenging, or antegrade through a 
nephrostomy, which is more accessible and safer, although owing to lack of 
backpressure, fixation of a nephrostomy tube may be difficult, warranting the 
expertise of an experienced radiologist or endo-urologist. Conservative manage- 
ment is effective in approximately 60% of cases, especially for small, distal, late 
leaks [46-50]; Fig. 5.12. 


Fig. 5.12 Drained by the interventional radiologist with a radiological drainage tube of the fluid 
that accumulated around the kidney after its transplantation. 1—Wound, 2—Radiological drain 
connected with urine bag 
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5.6.4.2 Surgical Treatment 


Large-volume or proximal leaks which do not respond to conservative management 
require surgery with resection of the necrosed ureter and tension-free reimplantation 
of a well-vascularized ureter over a JJ stent, closure of a perforated bladder, or other 
procedures. In complex cases, a replacement for the ureter can be performed with 
the appendix, the wall of the bladder (Boari flap) or the small intestine. In some 
cases, after mobilizing the bladder, the vesicoureteral anastomosis remains under 
tension. Then the solution is to sew the posterior upper wall of the bladder to the 
greater lumbar muscle, executing the so-called psoas hitch maneuver or bladder 
psoas hitch technique. This will cause our ureter-urinary bladder anastomosis to be 
made without tension and to heal well [45-51]. 


5.7 Ureteral Stricture After Kidney Transplantation 


5.7.1 Introduction 


The incidence of urological complications, of which ureteral stricture is the most 
common, varies in contemporary reports from 0.9 to 34% [52-54]. The male gender 
of the recipient, delayed graft function and donor age were found to be significant 
risk factors for urological complications after kidney transplantation [52]. 


5.7.2 Causes of Obstruction or Complete Closure 
of the Ureter in a Renal Transplant Patient 


Multiple risk factors have been investigated, of which patient gender, age, diabetes, 
marginal donor characteristics, anatomical graft variations, rejection and the BK 
virus appear to contribute most significantly [55-58]. 


5.7.2.1. Non ureteral obstructions, mostly caused by external compression of the 
ureter (lymphocele, urinoma, hematoma, urinary tract, seminal cord, uterine liga- 
ment, inflammatory appendix, and adhesions between the ureter, peritoneum and 
other retroperitoneal structures). 


5.7.2.2. Ureteral obstruction and/or caused by pathological changes in its wall 
torsion, bending, twisting, stenosis due to chronic ischemia-fibrosis of the ureter; 
rejection of the transplant may lead to irreversible changes in the ureter, its acute or 
chronic ischemia, which may later cause constrictions, UTIs or even ureter necrosis. 


5.7.2.3. An inguinal hernia incarcerated when the ureter of the transplanted kidney 
protrudes through the spot in the abdominal muscles. The bulging can be painful 
especially when the patient coughs, bends over or lifts a heavy object. 
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5.7.2.4. Mucosa swelling ischemia, fibrosis and stenosis of the ureter are quite 
often observed as a result of an infection by the BK virus. 


5.7.2.5. The occurrence of small thermo-injuries of the ureter during kidney 
procurement and/or transplantation. 


5.7.2.6. Ureter and renal pelvis lumen: urolithiasis; exfoliated epithelium of the 
renal pelvis, for example inflamed or necrotic renal papillae during interstitial 
kidney inflammation; fungi infection. 


5.7.3 Symptoms 


Usually an increase in creatinine concentration in the blood, a decrease in the 
amount of urine production, sometimes discomfort and even pain in the area of the 
transplanted kidney and in the abdomen; recurrent UTIs may occur [56-58]. 


5.7.4 Diagnostics 


Ultrasonography, CT of the transplanted kidney (image of the inflated and dilated 
renal pelvis) and determination of the BK virus titer in the blood—in this case the 
most sensitive is the polymerase chain reaction test (PCR). 


5.7.5 Treatment 


5.7.5.1. Hydronephrosis [59, 60] initial treatment: The first step is to insert a 
urinary catheter into the bladder and the second step is to decompress the rest of the 
system, for example the renal pelvis. In the next step is the nephrostomy tube is 
inserted under local anesthesia and ultrasound control and guidance are performed. 
Steps: the catheter is inserted through the skin, abdominal wall, and kidney par- 
enchyma into the renal pelvis of the transplanted kidney. The next step is to perform 
an antegrade pyelography and/or sometimes urethrography (administration of 
contrast through the drain located in the renal pelvis), in order to investigate and 
diagnose abnormalities, such as any kind of stricture of the ureter, ureter-urinary 
bladder anastomosis or uretero-pelvic junction. Retrograde pyelography is rarely 
used for diagnosis to visualize the ureter or ureters and renal pelvis. In more 
complicated cases, the patient must be diagnosed under general anaesthesia via a 
rigid cystoscope to cannulate the ureter with the special catheter. If the catheter is in 
a good position, inject then 5-8 ml of contrast to examine the ureter and renal 
pelvis. 
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5.7.5.2. Radiological treatment: consists of a regular widening of the site of the 
renal ureter stenosis using a specially designed balloon, with or without leaving a 
stent. The role of the stent is to prevent the formation of a new stenosis in the 
previously constricted and later dilated site of the ureter. In some centers a yttrium 
aluminum garnet (YAG) laser is used to treat the narrowing of the ureter of the 
transplanted kidney—in particular the resistant constrictions are cut from the 
middle with special tiny blades designed for this purpose; after the incision, the 
constrictions are usually slightly widened without or with a stent left in place 
[61, 62]. 


5.7.5.3. Surgical treatment [63]: depends on the place and extent of the ureter 
necrosis or stenosis or ureter-bladder anastomosis. It consists of: 


(a) A new anastomosis of the ureter with the urinary bladder after the excision of 
the stenosis without the mobilization of the kidney and bladder. 

(b) A ureter-urine bladder anastomosis with the excision of the narrowing section 
of the ureter with the mobilization of the urinary bladder. In some cases, the 
urinary bladder may be attached with a suture to the psoas muscle in order to 
avoid tension at the site of their anastomosis between the ureter and urinary 
bladder (psoas bladder hitch) (Fig. 5.10). 

(c) After the excision of the stenotic or necrotic part of the ureter with the new 
anastomosis of a graft ureter or renal pelvis with the recipient’s urinary bladder 
and/or own ureter; always use anastomosis always use the double J stent 
placement to decompress the anastomosis of the ureter or pelvis of the trans- 
planted kidney with the urinary bladder of the kidney recipient. 

(d) The new anastomosis of the ureter or renal pelvis with the bladder using a Boari 
flap, which is taken from the anterior wall of the bladder, sutured around the JJ 
catheter with urinary bladder mobilization and a psoas bladder hitch to relieve 
the anastomosis. 

(e) A rarely used technique is the anastomosis of a short ureter with the bladder 
using a small intestine or appendix insertion in between. 

(f) Bricker ileal conduit for urinary diversion named after its inventor, Eugene M. 
Bricker, who invented it in 1940. Uretero-enteric anastomosis is made so that 
after separating a piece of small bowel from the ileum (approx. 25 cm). The 
piece of ileum is closed loosely at one end, and the other end is led out through 
a previously made hole in the abdominal wall. Bricker procedure. The Bricker 
operation is performed when a urinary bladder ureter anastomosis is not 
advisable now because of infection or is not possible for example in case of 
bladder excision. 

(g) Ileal ureter replacement: this is end-to-end anastomosis between the rest of the 
ureter and the urinary bladder. Despite the difficult and risky process of the ileal 
ureter, the procedure can be carried out effectively and safely by skilled sur- 
geons after careful patient selection. 


5.7 Ureteral Stricture After Kidney Transplantation 429 


5.7.6 An Unusual Patient as an Example of Ureteral 
Stenosis (Author’s Own Experience) [64] 


I have decided to describe here an interesting and very difficult and seldom case of 
ureter stenosis, which I encountered during my medical career. I hope that you will 
learn a lot from this case and that this knowledge will help you decide how to treat 
the narrowing of your transplanted kidney ureter. 

A 22-year-old man was admitted to the hospital for a third transplant due to 
end-stage renal failure. His medical history included premature birth with perinatal 
asphyxia, spastic tetraplegia, mild mental retardation and severe vertebral column 
scoliosis (Fig. 5.13). He developed end-stage renal failure by the perinatal asphyxia 
and dysplasia of the kidneys and a neuropathic bladder by tetraplegia. As a result of 
continuous infectious diseases, he received a nephrectomy of both kidneys, without 
the removal of both ureters. In 2001, he started on peritoneal dialysis, which was 
replaced by hemodialysis one year later. In 2006 and 2008, he received renal 
transplants in the right and the left iliac fossa, which were both rejected but not 
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Fig. 5.13 Computed thomography revealed severe vertebral column scoliosis. 1—Liver, 2— 
Spine, 3—Spleen 
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removed. The patient returned to hemodialysis, but preferred to receive a third 
transplant. In November 2014, the patient received a renal transplant from a donor 
after cardiac death, which had an acceptable mismatch of panel reactive antibody of 
99%, mismatch 0-1-0 (Cytomegalovirus test negative, Epstein-Barr virus test 
negative). The donor’s left kidney was placed high at the right side of the recipi- 
ent’s abdominal cavity because the left side was not feasible due to deterioration of 
the kyphosis through aging. The old right transplant incision was extended to the 
upper side of the abdomen. This, however, was done using an intraperitoneal 
approach because the retroperitoneal approach had been impossible due to severe 
adhesions after peritoneal dialysis and the first transplant. In addition, the ureter was 
placed partially intra- and retroperitoneally due to these adhesions. The distal part 
was anastomosed with the urinary bladder by means of the Lich-Gregoir technique, 
and a ureteral stent (J stent) was placed. The vascular anastomoses of the kidney 
were done end to side to the IVC and in the lower part of the abdominal aorta 
(Fig. 5.14). Because the kidney was placed high in the abdominal cavity, the dis- 
tance from the kidney to the urinary bladder was longer than average. However, 
after kidney reperfusion, vascularization of the distal ureter was good without any 
signs of insufficient blood supply. 

Immediately after surgery the kidney functioned properly. However, two weeks 
later, the patient developed increasing abdominal pain at the side of the renal 
transplant. Additional investigations revealed a mild to moderate hydronephrosis 
with stenosis of the distal ureter. The hydronephrosis was treated by an insertion 
nephrostomy, dilatation of the ureteral stricture and retrograde placement of a JJ 
stent (Figs. 5.15, 5.16, 5.17). Because of recurrent dilation of the collecting system 
after the removal of the nephrostomy drain and stent, a reconstruction of the ureteric 
stenosis using the native ureter was considered. A uretero-cystoscopy measurement 
was performed to assess the length and integrity of the native ureters by the 
insertion of a catheter from the urinary bladder. This measurement revealed 1 1-cm 
right and 25-cm left native ureter lengths. On the basis of these results, it was 
agreed to anastomose the transplanted ureter with the left (contra-lateral) native 
ureter. A median laparotomy was performed. The sigmoid and the descending colon 
were mobilized and freed from the retroperitoneum. The whole longer portion of 
the left native ureter was mobilized from the urinary bladder up to the colon’s 
splenic flexure. The mobilized portion of the left native ureter was vital and well 
vascularized (Fig. 5.18). During the next step, the freed portion of the left ureter 
was tunneled under the sigmoid close to the proximal part of the ureter of the 
transplanted kidney. The ureter of the transplanted kidney was dissected from the 
retroperitoneum up to the stenosis, and was subsequently ligated and cut close to 
the renal pelvis of the transplanted kidney and cut. An end-to-end anastomosis was 
made between the ureter of the transplanted kidney and the left remaining native 
ureter using a polydioxanone 4/0 suture and placement of a J stent (Fig. 5.19). The 
anastomosis was tested with sterile 0.9% NaCl for leakage and good passage into 
the urinary bladder. The test revealed no leakage and good passage to the urinary 
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Fig. 5.14 Computed tomography performed to assess the patency of vascular anastomoses. 1— 
Transplanted kidney located under the liver, 2—Renal vein, 3—Aorta: normal anastomosis with 
the renal artery visible. The anastomosis is patent and non-constricted, 4—Urinary bladder 


bladder. The peritoneal cavity was drained with one drain placed close to the ureter- 
ureter anastomosis, and the abdomen was closed. The postoperative course was 
without severe complications. Two days later, antegrade pyelography revealed 
good passage to the urine bladder (Fig. 5.20). The peritoneal drain was successfully 
removed after 8 days, the J stent after 14 days, and the nephrostomy drain after 
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Fig. 5.15 Anterograde uretero-cystography imaging: contrast applied to the drain located in the 
renal pelvis of the transplanted kidney. The above examination revealed stenosis of the distal 
ureter of a transplanted kidney. 1—Normal ureter, 2—Stenosis of the distal ureter, 3—Urinary 
bladder 
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Fig. 5.16 Anterograde uretero-cystography: contrast applied to the drain located in the pelvis of 
the transplanted kidney. 1—Renal pelvis transplanted with a correctly positioned JJ catheter, 2— 
Ureter, 3—Urinary bladder with the other end of the JJ catheter placed in it. Normal outflow of 
urine from the renal pelvis into the urinary bladder 
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Fig. 5.17 Anterograde uretero-cystography: contrast applied to the drain located in the pelvis of 
the transplanted kidney. Complete stop of contrast flow to the bladder, critical stenosis, even 
closure of the distal ureter. |—Percutaneous radiological catheter inserted into the renal pelvis of 
the transplanted kidney, 2—Renal pelvis, 3—Beginning of ureter of the transplanted kidney 
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Fig. 5.18 1—The dissected stump of own left ureter from extraperitoneal space (we remember 
that the left kidney was removed a long time ago), 2—Descending colon, 3—Left side of the 
extraperitoneal space, R—Right side, L—Left side 


Fig. 5.19 1—The rest of the healthy ureter of the transplanted kidney below the liver, 2— 
Dissected left own ureter replaced retroperitoneally to the right side close to the renal pelvis of the 
transplanted kidney end-to-end anastomosis on the JJ catheter brought inside and positioned from 
the renal pelvis to the urinary bladder, R—Right side of the kidney recipient, L—Left side of the 
kidney recipient 
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Fig. 5.20 Anterograde uretero-cystography: contrast applied into the drain located in the pelvis of 
the transplanted kidney. Correct passage of contrast to the bladder. 1—Renal pelvis, 2—Patient’s 
own ureter with a JJ catheter inserted into its lumen, 3—Urinary bladder 


25 days. On day 29, the patient was discharged from the hospital. Four months 
after the transplantation the ultrasonography revealed a normal kidney graft 
(Fig. ). After 13 months, the third transplanted kidney developed a chronic 
rejection; despite medical treatment, this resulted in a graftectomy. 
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Fig. 5.21 Normal ultrasonography of the transplanted kidney after reconstruction: four months 
after ureter reconstruction. 1—Normal outline of the transplanted kidney and its renal calyces 
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5.7.6.1 Discussion 


In cases unsuitable for heterotopic renal transplant, an orthotopic renal transplant is 
worth considering. Two recent studies have recommended this technique for 
patients with advanced atherosclerosis disease of the iliac arteries, bilaterally 
retained iliac fossae from previous kidney transplants, pelvic malformations, 
venous thrombosis, and obesity [65, 66]. The studies additionally described the 
orthotopic technique as challenging, with a slightly higher complication rate. 
Nevertheless, the present case reveals that an almost orthotopic position between 
the right common iliac artery and the patient’s liver is feasible. 

The complication rate of ureteric stenosis after orthotopic transplant is slightly 
higher than the rate of ureteric stenosis in heterotopic renal transplants. 

It remains arguable whether this is caused by poor vascularization due to an 
above-average length of the transplanted ureter. Two retrospective studies stated 
that the length of the transplanted ureter does not affect postoperative urologic 
complications, but these studies do not mention a ureter length exceeding 12 cm 
[67-69]. 

Most common ureter reconstruction methods are not feasible in patients with an 
extensive medical history. An anastomosis to the native ureter can be an appropriate 
method. However, Pike and associates stated that this method was not appropriate 
as the dissection of the native ureter is often difficult in the presence of a trans- 
planted kidney and the integrity of a native ureter is mostly not known or inves- 
tigated [69]. Here, however, we showed that the assessment of the integrity of the 
ureters can be done properly by urologists using a urethra cystoscopy during the 
preoperative period. Moreover, this method provides the opportunity to directly 
measure the length of the rest of the ureter and to place into the lumen of the ureter 
one of the stents to make it easier to find the ureter during the operation. 

Use of the contralateral native ureter in graft ureter reconstruction has, to the 
authors’ knowledge, only been described in detail in the study of Orlando and 
associates [70]. Their technique entailed retroperitoneoscopic preparation of the 
native ureter contralateral to the renal graft, followed by an open anastomosis to the 
transplant ureter through the Retzius space. Retroperitoneoscopic preparation allows 
for surgery with high precision; however, in our case, an open approach with tun- 
neling under the sigmoid was preferred because of the patient’s complex anatomy. 

In conclusion, renal transplant with a high abdominal position is an appropriate 
alternative in cases unsuitable for heterotopic transplant, even in patients with 
severe comorbidities. In addition, ureter reconstruction by use of the native ureter 
contralateral to the graft through tunneling under the sigmoid is a recommended and 
safe surgical approach for a ureteric stricture when treatments with stenting and 
primary surgical reparation are not feasible. 


Warning! 
For the best possible decompression of the renal pelvic-ureter-urinary bladder 
system, all new urethral anastomoses should be decompressed with a JJ catheter. 
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Warning! 

Conservative treatment should be applied in case of a polyomavirus (BK) infection. 
This consists of percutaneous drainage of the transplanted kidney’s renal pelvis and 
stopping the administration of tacrolimus and mycophenolate mofetil (MME). 
Tacrolimus or MMF should be substituted with cyclosporine, or everolimus, and/or 
an antiviral treatment could be started by an intravenous administration of one of 
the antiviral drugs. Modest et al. reported beneficial effects of drugs, such as 
cidofovir, leflunomide, IV immunoglobulin (IVIG) and fluoroquinolone therapy. 
Under the influence of immunosuppressive drugs, the BK virus multiplies in the 
transplanted kidney and is responsible for BK nephropathy, which, if not treated in 
time, often causes the loss of the transplanted kidney. The BK virus is also 
responsible for swelling and narrowing of the ureter, and hemorrhagic bladder 
inflammation [71]. When the infection with the BK virus has been successfully 
eradicated, a descending pyelography must be made through the drain inserted 
percutaneously into the pelvis. If this examination finds no narrowing of the ureter, 
no impaired passage of contrast to the urinary bladder and the absence of the virus 
in the blood, the patient is to be considered healed. If the stenosis persists, the 
patient should be treated with radiological or surgical treatment. A patient should 
never be operated on during the period of active infection with the BK virus, but 
only after it has been completely eliminated from the blood which is confirmed by 
very thorough blood and urine tests. There are no specific antiviral agents that are 
available for the treatment of BKV infection. Multiple agents have been evaluated 
for its treatment with mixed results in human studies. Cell-based therapies have 
shown some encouraging results in limited studies [72]. 


5.8 Lymphocele 


5.8.1 Introduction 


Lymphocele—a fluid reservoir, or lymph accumulation or, as some people call it, a 
lymphatic cyst—is one of the complications after a kidney transplant. The fre- 
quency of this complication varies from 0.6 to 33.9% [73, 74]. Most lymphocele 
appear between the sixth to twelfth week after the transplant. In most cases it is less 
than 3 cm, does not give clinical symptoms and is absorbed spontaneously in the 
extraperitoneal space, and therefore does not require any treatment. If it starts to 
show symptoms, as any reservoir of fluid, a difference must be made between a 
urinoma (urine leakage) and an abscess. The creatinine, urea and potassium con- 
centrations in the lymphocele are the same as those in the blood serum, in contrast 
to the urinary tract, where the creatinine and urea concentrations are much higher 
than their serum concentrations; only the sodium concentrations are lower. The 
cause of lymphocele formation is not exactly known. It is believed that it is caused 
by a build-up of lymph, which comes from the lymphatic vessels which have been 
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damaged during the surgery running around the recipient’s iliac vessels and open 
lymphatic vessel which are located in the kidney hilum and are not recognized and 
ligated during the kidney inspection. In order to reduce the incidence of lympho- 
cele, it is necessary to prepare the recipient’s iliac vessels very gently and to ligate 
each of the lymphatic vessels precisely in the kidney hilum. All articles on lym- 
phocele prevention emphasize the special importance of a very careful and gentle 
preparation of the iliac vessels with special attention to lymphatic vessel ligation in 
the case of cutting [75-79]. 


5.8.2 Incidence, Risk Factors, Prevention 


The incidence of lymphocele in patients in whom the kidney’s vessels have been 
connected with external iliac vessels was four times higher than in patients in whom 
the kidney’s vessels have been anastomosed with the common iliac vessels. This is 
due to a much smaller range of surgical injury of the lymphatic vessels during the 
kidney transplantation with renal vessel anastomosis to the common iliac vessels [79]. 

The factors that favor the formation of lymphocele after the operation include: 
high doses of steroids, sirolimus, everolimus, mycophenolic acid derivatives, 
heparin, prior radiotherapy, hypoalbuminemia, repeated transplants, autosomal 
dominant polycystic disease and diuretics. 

Postoperative lymphocele risk factors include: obesity, diabetes, advanced age of 
the organ recipient, long warm ischemia time, delayed kidney graft function, fre- 
quent episodes of rejection and acute cellular rejection. 

Lymphocele prevention consists of a gentle preparation of the iliac vessels, the 
ligation of the lymphatic vessels which lie along and around the iliac vessels, the 
ligation of the lymphatic vessels which lie in the kidney hilum during the back table 
and the performance of vascular anastomoses with the common iliac vessels [73—80]. 


5.8.3 Symptoms 


In most cases, when it the lymphocele small, it gives no symptoms. If it is enlarged 
or large, you can feel that the coating lift or a tumor by palpation around the 
transplanted kidney. The lymphocele may press on the kidney, ureter, kidney 
vessels, bladder and hip vessels, which in turn may manifest in worsening kidney 
function, increased creatinine concentration, hypertension, lower limb lymphatic 
oedema on the kidney transplant side, thrombotic vein inflammation, and in case of 
infection: fever, pain, urinary retention, UTI and lymphatic fistula. 
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5.8.4 Diagnostics 


Ultrasonography; other methods, for example, CT or MRI are less important. 


5.8.5 Treatment 


External drainage (fine needle aspiration) has an efficacy of 50% and a recurrence 
rate of 80%; there is a high infection rate [80, 81]. 

Percutaneous aspiration and external drainage combined with sclerotherapy 
(alcohol, iodine solution [81], tetracycline, fibrin glue, bleomycin) are the most 
popular treatments of lymphoceles. As a rule it takes 20-30 days to stop the lymph 
leakage, though it fails in 10-15% of cases. The lymphocele recurrence after 
sclerotherapy remains high at around 30-60% [70, 73-81]. 


5.8.5.1 Drainage with the Use of a Tenckhoff Catheter [82] 


Occasionally, lymphoceles recur after renal transplantation in relatively inaccessible 
pelvic locations, usually in the setting of a transversely oriented allograft that 
separates the lymphocele from the peritoneal cavity. Such lymphoceles do not share 
a common wall with the peritoneal cavity and, therefore, are not manageable by 
conventional open surgical or laparoscopic drainage techniques. These use an 
internalized Tenckhoff catheter to drain the recurrent lymphocele into the peritoneal 
cavity. After local anesthesia and after skin incision, one end of the catheter is 
introduced into the lymphocele, and from the second incision the other end of the 
catheter is carried under the skin and introduced into the peritoneal cavity. The 
authors of this idea have not observed a single relapse of lymphocele during the 
year. 


5.8.5.2 Laparoscopic Fenestration [76] 


The laparoscopic excision of a hole in the peritoneum allows us to direct the 
lymphocyte content into the abdominal cavity. The inconvenience of this method is 
the possibility of damaging the ureter, kidney parenchyma, renal or iliac vessels 
during surgery. The contraindications for this type of surgery are the numerous 
abdominal surgeries, the expected large number of adhesions, very difficult access 
(for example access to the fluid collection localized on the right or left side of the 
vessels’ anastomoses), injury to the adjacent structure requiring repair and a pre- 
existing hernia. 
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5.8.5.3 Surgical Fenestration 


A method very similar to the previous one. In the surgical treatment of lymphocele, 
as a rule, the incision is carried out through a permanent scar in order to access and 
drain the reservoir of accumulated lymph. This is the method of choice in the case 
of an expected large number of incisions after abdominal surgery, numerous 
lymphoceles or lymphocele consisting of many chambers. It is an invasive method, 
with a higher risk of infection and associated with a longer stay in hospital [76]. 
Lymphocele is one of the most common complications after kidney transplan- 
tation. It is usually asymptomatic, but can cause pressure on the kidney transplant, 
ureter, bladder and adjacent vessels with deterioration of graft function, ipsilateral 
leg edema and external iliac vein thrombosis. A very interesting observation is that 
in the symptomatic lymphocele requiring treatment (LRT), acute rejection episodes 
(ARE) and delayed graft function (DGF) were more frequent. ARE and age were 
independent risk factors for the LRT in the multivariate analysis [83]. 


5.8.5.4 Personal Experience of the Author 


Lymphocele is very rare in our population—on average out of 170 transplantations 
(taking into account the population of our patients) five to ten years ago we met 
three to four cases per year. Maybe it is because most of the kidneys at that time 
were transplanted to the common iliac vessels, and each kidney was very carefully 
prepared before the transplantation, including the ligation of the lymphatic vessels 
in the renal hilum. Lymphatic vessels running along and around the veins and 
arteries are carefully tied and/or closed with an Argon Beamer or coagulation 
during the preparation of the iliac vessels. In the case of a simple lymphocele, in our 
clinic the first stage of treatment consists of its drainage by means of a drain 
inserted percutaneously into the lymphocele. Then we apply all the above described 
treatment methods. The only difference is that during the laparoscopic fenestration 
of the lymphocele after aspiration, we administer into the lymphocele sterile 
methylene blue dissolved in a solution of physiological saline via the drain. Filling 
up the lymphocele with an additional amount of methylene blue colored fluid 
makes it easier to find from the abdominal cavity and shortens the operation con- 
siderably. During the operation, the connections with the abdomen consist of the 
hole or holes which are made by the surgeon in the peritoneum wall to connect the 
lymphoceles with the abdomen. Into the place where the lymphocele is located, we 
always put one or two thick surgical drains with the side holes of each drain located 
in the lymphocele and preritoneal cavity and lead them through the lymphocele and 
abdominal wall outside the abdominal cavity. The drain or drains are removed after 
10-14 days depending on their “production” and the results of the radiological 
examination (echo or CT)—there should be no fluid collection and no lymphocele 
in the transplanted kidney area. 
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5.9 Wound Infection in Renal Transplant Patients 


5.9.1 Introduction 


Transplant wound infection (1.8 to 56%) deserves particular attention because of 
the special patient conditions, such as: the uremic state at the time of surgery and 
sometimes in the immediate post-transplant period (acute tubular necrosis, delayed 
graft function), diabetes (incidence of infection is twice as high as in non-diabetic 
patients), acute graft rejection, recipient’s age (a higher incidence in the third and 
fourth decades), nutritional status, smoking, obesity (BMI more than 30-35), col- 
onization with microorganisms, length of pre- and postoperative stay, graft infec- 
tion (small renal and perinephric abscesses <5 cm may be treated with antibiotics 
alone, targeting enterobacteriaceae and enterococci, but larger abscesses usually 
require drainage), immunosuppression, cadaver kidney or living-related (recipient 
of cadaver kidney has a three times greater chance of infecting the wound) [84-89]. 

The factors contributing to wound infection in patients after kidney transplan- 
tation are: uremia, immunosuppression and hemodialysis. 

The main complications resulting in wound infection are: septicemia, mycotic 
aneurysm of the abdominal aorta or iliac or renal arterial vessels as a complication 
from the deep wound infection, and graftectomy due to kidney infections (peri- and 
intra-nephric infections) [84—89]. 

Wound infection is defined by the US Centre for Disease Control and Prevention 
(CDC) as a surgical site infection (SSI). This is further defined as [85, 86]: 


A. Superficial incisional SSI—infection involves only skin and subcutaneous tis- 
sue of incision. 

B. Deep incisional SSI—infection involves deep tissues, such as facial and muscle 
layers. 

C. Organ/space SSI—infection involves any part of the anatomy in organs and 
spaces other than the incision, which was opened or manipulated during the 
operation. 


SSI is a common postoperative complication that leads to significant morbidity, 
increased antibiotic use and length of hospital stay, additional costs, and a decline in 
patients “quality of life” [89, 90]. 


5.9.2 Signs and Symptoms of Wound Infection 


A. Primary: rubor—erythema, dolor—pain, calor—warmth, edema—swelling, 
fever. 

B. Secondary: delayed healing, hyper granulation, increased odor and wound 
purulence, production. 
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5.9.2.1 Superficial Incisional SSI Wound Infection: Treatment [84—90] 


An infected wound requires intensive treatment such as: opening, taking bacteri- 
ological specimen, regular irrigation, removal of necrotic tissue and frequent 
dressing changes. The use of an antibiotic in this case is debatable and depends on 
the speed of improvement in the appearance of the wound, the patient’s condition 
and the culture result. We always leave the decision to administer antibiotics to the 
infectious disease specialist. In mild forms of infection antibiotic therapy is not 
always advisable. 


5.9.2.2 Deep Incisional SSI Wound Infection: Treatment [84-90] 


Infection of a deep wound involves deeper structures of the surgical wound, which 
include the fascia and muscles of the abdominal wall. In addition to the 
above-mentioned symptoms, infection usually leads to a sudden rupture of the 
abdominal muscle fascia and the edges of the infected wound split apart. In most 
cases, the patient must be treated surgically. Under general anesthesia, the wound is 
thoroughly cleaned of necrotic tissues, infected fluid collections and abscesses. 
A culture or several cultures should be taken (also necrotic tissues are cultured), the 
wound should be wide opened, flushed and very well drained. We should remember 
that in the case of a wound infection in a patient after transplantation, the material 
delivered to the Bacteriology Department must be analyzed by sowing it on the 
appropriate nutrient not only to confirm the presence of bacteria but also fungi. 
Changing the dressings and irrigating the wound must be done at least twice a day. 
The use of broad-spectrum antibiotics should always be discussed with an infection 
disease specialist. 

In only a small percentage of cases, a single deep abscess can be treated with 
percutaneous drainage by an interventional radiologist who introduces a drain into 
the abscess cavity under ultrasound or computed tomography guidance. We control 
the progress of abscess drainage by recording the “production” of the drained fluid 
collection once a day and measuring the temperature at least twice a day. In the 
event of a sudden increase in temperature, immediately check the patency and 
position of the drain. If the drain no longer removes fluid collection secretions, 
ultrasound or computerized tomography should be performed prior to removal to 
confirm complete drainage of the abscess cavity. In case of an incomplete abscess 
drainage, the position of the drain should be replaced or repositioned using ultra- 
sound or, if necessary, computed tomography. If the drain is or was not positioned 
correctly, it should be moved and placed in the center of the abscess or fluid 
content. In some cases, a second abscess drain may be requested to better drain it 
and/or to create a continuous irrigation system. In the case of a blocked drain or its 
incorrect position, you can try to flush it or replace it with a new, thicker drain. 

Let us not forget about fixing the drain well, so that it does not fall or slip out of 
the abscess cavity, which may be responsible for the lack of drainage and increased 
temperature. Multi-chambered abscesses, difficult to drain even under ultrasound 


5.9 Wound Infection in Renal Transplant Patients 445 


and/or computed tomography control, should be surgically drained by opening 
them wide, culturing for the presence of bacteria, rinsing and ensuring a perfect 
drainage of the wound after surgery. 

If possible, reduce the dose of immunosuppressive drugs taken by the patient or 
replace them with immunosuppressive drugs that prevent the recipient from fighting 
the infection as little as possible. 

In both cases, the use of negative pressure therapy can bring about good results 
and speed up the wound healing. The therapeutic benefits of this method are: 
removal of necrotic tissue, inhibition of bacterial growth, reduction of edema, 
improvement of blood flow through the wound area and promotion of granulation 
tissue production. 

Various types of special sterile foam dressings are used for this therapy, selected 
according to the size and depth of the wound and the composition of the wound 
secretion [91]. The suction pressure of the suction device is programmed depending 
on the type of wound, type of discharge and the patient’s pain tolerance. 

In both cases, the use of vacuum therapy can bring good results and accelerate 
the healing of the wound [92]. The therapeutic benefits of this method are: removal 
of necrotic tissues, inhibition of bacterial growth, reduction of swelling, improve- 
ment of blood flow through the wound area and stimulation of granulation pro- 
duction, less pain, improvement of breathing ability and reduction of respiratory 
insufficiencies. 


5.10 Infection or Recurrent Infection of the Urinary Tract 
After Kidney Transplantation Due 
to Urethra-Bladder Anastomosis Decompression 
with a JJ Catheter 


As I have already mentioned, kidney transplant patients who have had a JJ catheter 
inserted after transplantation or surgical reintervention are much more likely to have 
single or chronic UTIs. In general, any UTI after kidney transplantation should be 
treated with a targeted antibiotic, selected according to the result of the urine 
culture. Patients with prostate hypertrophy should be treated by inserting a bladder 
catheter and administering an antibiotic and urological consultation. A double J 
stent inserted after kidney transplantation in many cases does not prevent compli- 
cations, but reduces the need for reoperation. In addition, the use of a double J stent 
is not always associated with increased urinary tract infections in renal transplant 
recipients [93]. 

In the case of the failure of antibiotic treatment of UTIs in patients with a JJ 
catheter, the only right decision is to remove the catheter and continue the antibiotic 
treatment. 
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5.11 Wound Dehiscence 


5.11.1 Introduction 


Surgical incisions are entry sites sutured or held together by a margin approxi- 
mation dressing or device after an operative procedure. Dehisced surgical wounds 
are defined by the separation of the incision line prior to complete healing resulting 
in an open wound. The most common complications for surgical wounds are in- 
fection and dehiscence. 


5.11.2 Symptoms of Dehisced Surgical Wounds 


A. Partial dehiscence of a surgical wound will present as superficial layers or a 
small amount of tissue layers being reopened. 

B. Complete dehiscence, however, will present as all layers being separated with 
underlying tissue and organs being exposed and sometimes protruding through 
the wound opening. 

C. Other symptoms of dehiscence include visibly broken sutures before the wound 
has healed completely, as well as renewed pain, bleeding and drainage from the 
surgical wound site [94, 95]. 


5.11.3 Risk Factors of Dehisced Surgical Wounds 


Dehiscence can also be caused by infections or poor wound healing. Common risk 
factors for abnormal healing include the presence of necrotic tissue, infection, 
ischemia, smoking, diabetes, malnutrition, glucocorticoid use, and patients under- 
going immune-, chemo- or radiotherapy [96]. 


5.11.4 Treatment of Dehisced Surgical Wounds 


For a dehisced wound, a patient should return for medical care immediately. This 
may include debridement, antibiotic therapy and resuturing or use of another type 
of wound closure device. Following this treatment, the wound will need to be 
monitored extremely closely for signs of recurring dehiscence. Small wound cav- 
ities, without the presence of infection, should be stitched or treated conservatively 
—depending on the patient’s condition. Surgical wounds of significant length 
should be treated with primary suturing with or without mesh reinforcement. In this 
type of case when a sutured wound needs reinforcement, I recommend using the 
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meshes that dissolve after a few years or collagen meshes that are replaced by the 
patient’s own collagen after a few years. These meshes are probably the only ones 
that can be sewn into the wounds of patients taking immunosuppressive medicines. 
In addition to their long absorption time, they are characterized by high bacterial 
clearance—that is to say, they can be used in infected wounds, where they perfectly 
cope with the infection, and they do not need to be removed at any time during the 
sewing of the wound, maintaining their structure and strength [94—97]. 
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Chapter 6 A) 
Surgical Technique to Remove gui 
a Transplanted Kidney: Graftectomy 

or Transplantectomy 


6.1 Introduction 


Approximately 4-10% of incident patients on dialysis have a non-functioning 
kidney graft, and referring to literature [1-13], as many as 32% patients require 
transplantectomy for a variety of reasons. We rarely talk about the 7% of people 
whose transplant failed within a year or the 17% of people who have lost their 
transplants within three years. It is hard to find any guides or brochures for patients 
and families about how to deal with a failed transplant—for the nearly 3000 people 
who lose their kidney transplants in the first year or the over 6000 people who lose 
their transplants within three years. At ten years, 54% of transplant kidneys are still 
working. In fact, over 20% of kidney transplants every year are retransplants 
[1-13]. The mortality in these patients is significantly higher than in those with a 
functioning graft or on renal replacement therapy without having received a graft. 
Indications for kidney graftectomy are graft intolerance syndrome, graft loss due to 
BK virus nephropathy and a high level of BK viraemia, severe proteinuria, chronic 
inflammation syndrome, vascular thrombosis, severe acute rejection, hyperacute 
rejection, recurrent urinary infections, sepsis or cancer [1—10]. 

When the cause of graft loss is due to primary non-function, arterial or venous 
thrombosis, hyperacute or early refractory acute rejection, most treating physicians 
advocate transplantectomy and immunosuppression cessation. In these circum- 
stances, graft rupture or hemorrhage may occur if the graft is left in situ. However, 
when the allograft has been in place for more than one to two years, it is common 
practice to leave the failed allograft in situ. Nonetheless, a retained failed transplant 
has been suggested to be a source of chronic inflammatory states, potentially 
leading to unfavorable outcomes [3]. 

Chronic inflammation syndrome occurs in patients with high levels of inflam- 
matory markers (C-reactive protein), who are anemia resistant to treatment with 
erythropoiesis stimulators, and malnutrition markers. This inflammatory state is 
provoked by the graft, and reverts when a transplantectomy is performed, as several 
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studies have shown [4]. Between 30 and 40% of patients that return to dialysis with 
a non-functioning graft develop immunological intolerance once the immunosup- 
pressant therapy is reduced [3-6]. Immunosuppression management in such 
patients can be challenging, although the maintenance of the low dose immuno- 
suppression may preserve the residual kidney function, circumvent graft intolerance 
syndrome, minimize allosensitization, prevent reactivation of systemic disease, 
prevent adrenal insufficiency syndrome, decrease incidence of graft intolerance 
syndrome and avoid overt acute rejection. On the other side, long-term maintenance 
immunosuppression is not without adverse effect, such as diabetes, hypertension, 
dyslipidemia, avascular necrosis, cardiovascular complication, infections, and 
malignancy (especially skin cancers, Kaposi’s sarcoma, non-Hodgkin’s lymphoma 
and lip cancers) [3, 4, 7]. 

Graft and recipient survival is influenced by the donor’s age, kidney function, 
type of donation, ischemia time, underlying kidney disease, degree of recipient 
immunization, donation technique, preservation, preparation and the advancement 
of atherosclerotic lesions in the iliac blood vessel. According to a US report, the 
cumulative probability of transplantectomy at one week, three months, six months 
and one year after graft failure was 5.3, 17.6, 25.0 and 30.9, respectively [5]; 89.3% 
of all nephrectomies were performed in the first year after transplant failure [3, 6]. 
In patients who had zero, one, or two or more rejection episodes, transplantectomy 
was required in 30, 53 and 83% of cases, respectively. It is suggested that gradual 
immunosuppression weaning or indefinite low-dose maintenance immunosuppres- 
sion may prevent the need for transplantectomy [3, 7]. Despite the undoubted 
success of medicine in the field of kidney procurement, preservation and trans- 
plantation, as well as advances in immunology and immunosuppressive pharma- 
cotherapy, 7-10% of transplanted kidneys become insufficient after one year, and 
patients must undergo replacement therapy such as hemodialysis, peritoneal dial- 
ysis or second transplantation. According to the available literature [1-7], the 
cessation of the transplant function is not always an indication for its removal. In 
many patients, immunosuppression can be stopped and, without any side effects, 
the transplanted kidney becomes slowly fibrous and atrophied, shrinking to the size 
of a walnut. Some recipients complain of numerous trouble from the inoperative 
graft, which is an indication for its removal. 

In one single-center study, patients with failed kidney transplants returning to 
hemodialysis were shown to exhibit worsened anemia, erythropoietin resistance and 
hypoalbuminemia, as well as worsened C reactive protein (CRP), erythrocyte 
sedimentation rate (ESR) and ferritin profiles compared with their transplant naive 
hemodialysis counterparts. Furthermore, amelioration of both clinical and labora- 
tory parameters of the chronic inflammatory state was observed following trans- 
plantectomy [2, 8]. 

Although symptomatic patients undergoing transplantectomy had lower baseline 
hemoglobin and higher CRP, ESR and ferritin compared with those with a retained 
graft, the former group of patients had a better hematologic and biochemical profile 
at six months after the transplantectomy compared with the latter [2, 8, 9]. 
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The surgical removal of a transplanted kidney (graftectomy or transplantectomy) 
can be divided into early and late transplantectomy. An early transplantectomy (early 
graft loss) is usually performed within two to three weeks after the transplantation 
because of the following indications: irreversible renal vascular thrombosis, kidney 
rupture involving the renal pelvis, septic hemorrhage, contamination of the trans- 
planted kidney area resistant to any kind of treatment when only increasing the 
diameter of the renal and/or iliac vessels of the patient (threat of septic hemorrhage), 
any bleeding from the kidney or vascular anastomoses leading to hemorrhagic shock 
unmanageable during reoperations, resistance to treatment of acute rejection, pri- 
mary or secondary lack of function of the transplanted kidney poor or no tolerance of 
the non-functioning graft by the recipient’s organism consisting of high body tem- 
perature of the recipient, enlargement and constant pain of the transplanted but 
non-functioning kidney, advanced haematuria and proteinuria) [1—10]. 

The extracapsular nephrectomy approach is generally used for early graft loss, 
whereas for late nephrectomies the approach is usually subcapsular, by intense 
fibrotic reaction to adjacent tissues, which makes it difficult to complete the 
nephrectomy. Even if the two methods are not comparable, some authors have 
reported that the subcapsular method was associated with a higher rate of bleeding 
in the operation. The subcapsular technique of the graftectomy is the technique of 
choice due to the low incidence of serious complications, although the extracapsular 
technique could be performed safely during the early post-transplantation period 
when fibrosis and adhesions have not been established yet [11, 12]. 


6.2 Early Graftectomy or Graft Loss During One Year 


Early transplantation, especially emergency transplantation, is characterized by a 
higher blood loss and a higher incidence of mid- and post-operative complications 
and, consequently, higher mortality. Patients qualified for early transplantation 
usually do not die on the operating table, but during the postoperative period. The 
main cause of death is a septic shock or circulatory and respiratory failure. The 
surgical technique of the removal of the transplanted kidney is based on the fact that 
we usually reach the kidney by an old incision and then we slowly peel off the 
peritoneum from the anterior surface of the transplanted kidney; during graftectomy 
(transplantectomy) we take numerous cultures and rinse the kidney area with a 
warm Ringer’s solution, which allows for a better mobilization (detachment) of the 
posterior surface of the kidney from the extraperitoneal space [11]. The process of 
detaching the peritoneum and mobilizing the kidney is done very gently in order not 
to damage the peritoneum. As a rule, the kidney can be removed with the capsule, 
and the surgical supply of the renal vessel stumps or iliac vessels and the ureter is 
easy and does not present a major surgical challenge. The technique of ligation of 
transplanted kidney vessels was described earlier. Putting the vascular glue on the 
vein and renal artery together or ligating the two renal vessels (vein and artery) 
together may lead to an arteriovenous fistula at a later stage. The ureter can be tied 
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at a distance of 1-2 cm from the bladder or completely removed by cutting off the 
ureter-urinary bladder anastomosis, where the bladder can be sutured tightly. After 
suturing the opening in the bladder, the urinary bladder should be tested for 
tightness by filling it with warm saline solution or Ringer’s solution with or without 
the addition of a small amount of sterile methylene blue in order to make the place 
of the possible leakage more visible. In my opinion, the place where the kidney is 
removed should always be drained with a surgical or vacuum Redon or JP type 
drain. Personally, I use vacuum drains which, by removing air from the removed 
kidney area, facilitate the peritoneum to adhere and quickly stick well to the wall of 
the abdominal cavity and the retroperitoneal space, and thus to quickly make 
contact with the mentioned structures. 


6.3 Late Graftectomy or Graft Loss 


6.3.1 Introduction 


Late graftectomy is a complicated procedure that requires great surgical skills. This 
is mainly due to the fact that the kidney and the ureter are always strongly attached 
to the retroperitoneum and surrounding tissues (rejection episodes, fibrosis, infec- 
tion, surgical reinterventions after transplantation). Sometimes the kidney to be 
removed is small and hard as stone; othertimes it is significantly enlarged, extre- 
mely well supplied with blood and with an easy self-disintegrating parenchyma. 
The indication for the removal of the graft is intolerance by the recipient, usually 
manifested by high temperature (rejection, recurrent infections, most often of the 
urinary tract), hematuria, pain in the area of the transplanted kidney, chronic kidney 
rejection, increased chronic proteinuria, graft infection, recurrent urinary tract in- 
fections, failure to respond to the treatment used to maintain the function of the 
transplant and inhibit rejection, and the patient’s request. The surgical technique of 
the late removal of a transplanted kidney I will describe it very briefly using the 
previous incision after a kidney transplant with subcapsular removal of the graft. In 
some other cases, indications for graftectomy include an infected renal artery 
aneurysm, a ruptured aneurysm, and septic and hemorrhagic shock—in the 
above-mentioned examples quick abdominal access is indicated in the form of 
midline laparotomy [9-12]. As I mentioned, this operation is very complicated. 
I think it might be sometimes too difficult for a not-well-trained surgeon. This 
procedure is loaded with quite high mortality, reaching 10% and much more in 
some centers. Therefore, it seems that the percutaneous intra-arterial graft 
embolization can be an alternative and is reported to have less complications 
[13-16]. Vascular embolization is a less invasive technique for the management of 
graft intolerance syndrome. At present, embolization is mostly performed by an 
intra-arterial administration of inert microparticles, like microspheres of polyvinyl 
alcohol, causing occlusion of distal capillaries, leading to necrosis, followed by 
insertion of stainless steel coils in the renal artery [13—17]. Allograft percutaneous 
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embolization is performed using local anesthesia at the puncture site, using the 
transfemoral approach to reach the midportion of the renal artery. To avoid reflux, a 
balloon occlusion catheter is positioned and inflated immediately before the ethanol 
injection. The amount of the absolute ethanol used was 10-12 cc. Finally, the 
positioning of coils in the main renal artery or its principal branches completed the 
procedure. No systematic prophylactic antibiotic or steroid treatment was admin- 
istered. Success rates of the initial embolization for the resolution of the graft 
intolerance syndrome are 65-100% [16]. In some patients with persistent graft 
intolerance a second attempt with embolization was performed, but in most of these 
cases graft removal was finally required [14, 15]. After graft embolization a tran- 
sient post-embolization syndrome frequently occurs, mainly characterized by fever 
and local pain. It only requires a symptomatic treatment and can eventually be 
prevented by a short course of steroids [13-17]. 


6.3.2 Surgical Preparation for Late Graftectomy in Steps: 


Before surgery, if possible, read the description of the operation from a previous 
kidney transplant, try to avoid (the same) mistakes and obtain the following 
information: 


A. How long ago was this kidney transplanted? How many arteries, veins and 
ureters does the kidney have? 

B. How many arteries were there on the aortic patch: one, two or more? Did they 
have to be reconstructed during the preparation for transplantation, and if so, 
how was it done, to which iliac artery and how were they anastomosed? 

C. How many renal veins have been involved in the veneus anastomosis: one, two 
or more? Did they have to be reconstructed during the preparation for trans- 
plantation, and if so, how was it done and to which iliac vein and how were 
they connected? 

D. How many ureters were there and how and where were they implanted into the 
urinary bladder or ileum? 

E. What was the position of the kidney after transplantation? What was the 
position of the kidney pelvis in relation to the iliac vessels (transverse, longi- 
tudinal, vertical)? 

F. What complications occurred after surgery, especially surgical complications 
requiring surgical intervention or radiologist intervention (insertion of 
intra-arterial stents)? Into which artery, for what reason, and when? How many 
were there and how were they treated? 


Provided with this information, we can thoroughly prepare for the surgery to 
remove the transplanted kidney, determine the tactics and safe technique of the 
operation and discuss it with the anesthesiologist and your assistant and prepare 
the patient for the procedure, explaining the surgical technique and its possible 
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intra- and postoperative complications. In the case of poor general patient condition, 
the possibility of percutaneous intra-arterial embolization of the renal artery should 
be considered and discussed with an experienced interventional radiologist [14]. 


6.3.3 Author’s Own Experience: How Dangerous Can Be? 


During my work at Warsaw University our Department performed during two or 
three years graftectomies for three kidney transplant centers. More than 35 years ago, 
transplant surgeons from small volume transplant centers found transplantectomy 
too difficult to perform. I found out how dangerous this procedure can be when I was 
asked to help with the removal of a failing transplanted kidney. Here is my story. 

Several years ago, I was asked to help perform a graftectomy where a major 
hemorrhage occurred and the surgeon blindly closed the kidney vessels with one 
vascular clamp and quickly excised the kidney. As he later claimed, the clamp 
which closed the kidney vessels was placed in the highest place in the kidney 
hilum, and the kidney was cut off at the pelvic level. The patient did not bleed, the 
clamp was well closed, but on further inspection of the operating field it turned out 
that 3 cm of the external iliac artery and 1 cm of the anterior surface of the vein 
were excised together with the kidney. The surgeon was saved by the attention of 
an experienced instrumentalist who, when examining the removed kidney, stated 
that “there are too many vessels near the cut kidney”. After the dissection of the 
iliac vessels above and below the site of the anastomoses, the vessels were closed 
and thus control of the bleeding was achieved after the clamps were removed from 
the damaged vessels. The repair operation consisted in mobilizing the external iliac 
artery, refreshing its ends and performing a new end-to-end anastomosis with a 6/0 
non-absorbable monofilament suture. The vein was reconstructed with a patch made 
of a renal vein of the removed kidney. The postoperative course was uneventful and 
the 28-year-old patient was discharged home in a generally good condition and with 
a normal flow in the right lower limb. 


6.3.4 Own Modified Surgical Technique for Late 
Transplantectomy Step-by-step 


(1) Activities in the operating theatre prior to the start of surgery; 

a) prophylactic administration of antibiotics according to the last 
anybiogram. 

b) time out—involved nurses, surgeons, anaesthetists and all others 
involved in the patient’s care. Immediately prior to incision, active 
communication is required between all relevant surgical team members. 
Until any questions or concerns have been addressed, the procedure 


6.3 


(2) 


(3) 


(4) 


(5 


wm 


(6) 


(7 


wm 


(8) 


Late Graftectomy or Graft Loss 459 


cannot begin. During the preincision timeout, activities are suspended as 
much as possible. This allows team members to focus on actively con- 
firming the patient, site and procedure. 
c) anaesthetising the patient. 
d) maintain bladder sterility by inserting a catheter into the bladder. 
e) shaving, surgical site disinfection, sterile draping of surgical field. 
Review of anticipated critical events; 
a) the surgeon reviews critical and unexpected steps, duration of surgery 
and expected blood loss, 
b) anaesthetic staff review patient-specific concerns, 
c) nursing staff review confirmation of sterility, availability of equipment 
and other concerns. 
The first stage is the incision of the skin and subcutaneous tissue. In this case I 
use an old skin incision, which is sometimes extended downwards and upwards 
if necessary. 
After the incision of the skin and subcutaneous tissue, we come to the transplant 
scar (old wound) which is on the medial side of the scar to the anterior surface of 
the rectus abdominis muscle and on the lateral side aponeurosis of the external 
musculus obliques. The skin and subcutis are mobilized towards the middle 
auxiliary line 3—4 cm laterally from the scar. The first cut of the muscles is about 
5-6 cm and is performed over the most protruding part of the graft after care- 
fully palpating the cutting site. The incision is made vertically in the aponeurosis 
of the external oblique muscle. If you are too close to the middle line with your 
incision, you have almost a 100% chance of opening the peritoneum. 
Then through the internal oblique muscle we palpate and determine the position 
of the lower, upper pole and lateral border of the kidney in the retroperitoneal 
space. We estimate the distance from the scar to the lateral border of the kidney. 
Now we carry the incision of the internal oblique muscle at the side or 1 cm 
laterally from the renal border. Please remember that only the maximal lateral 
access to the kidney’s capsule will prevent damage to the parietal peritoneum. 
The kidney capsule usually adheres directly to the internal oblique muscle 
(there is no peritoneum between the transplanted kidney capsule and the lateral 
side of the abdominal wall) and only here; after cutting the muscle and kidney 
capsule, we usually do not cut the peritoneum but reach the kidney capsule and 
kidney parenchyma. The incision length should be at least 15-20 cm, 
depending on the size of the transplanted kidney—in most cases the kidney is 
large (rejected and very swollen) (Fig. 6.1). 
After reaching the transplanted kidney capsule and parenchyma, we dissect and 
separate the kidney capsule from the parenchyma with our index finger. 
Bleeding from the renal parenchyma can be controlled with gauze or 
coagulation. 
During detachment of the kidney capsule, make slow movements with your 
index finger, detach the entire surface of the kidney capsule from the par- 
enchyma, including its poles and as close as possible to the renal hilum. When 
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Fig. 6.1 1—Internal oblique muscle shows a clearly outlined posterior edge of the transplanted 
kidney, 2—Incised fascia of the rectus abdominis muscle with the external oblique muscle, 3— 
Subcutaneous tissue 


you see the kidney’s poles without the kidney capsule, try to very carefully 
move the kidney out of the freed capsule and out of the surgical field. In this 
way you have access to the renal hilum which means that the kidney capsule 
has been totally detached from the parenchyma (Fig. 6.2). 


Warning! 

Now you can put on a large clamp and cut out the kidney. But what if the renal 
artery was very short and the external iliac artery is very tortuous and has a slight 
aneurysm? At this stage, I would advise further dissection of the kidney. 


(9) The next step is to locate the ureter. Cut very carefully the capsule released 
from the lower pole of the transplanted kidney along the lateral edge of the 
kidney towards the lower pole and ureter, thereby opening the retroperitoneal 
space. When preparing the tissues towards the iliac vessels, if we dissect close 
to the lower pole and a bit downwards, the first structure which we encounter 
is the renal pelvis and a little downwards the beginning of the ureter. 
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Fig. 6.2 1—Kidney without capsule, 2 and 3—Vascular clamps closing the kidney vessels very 
close to the renal hilum. Please remember this moment—it is extremely important for the patient 
and for you as a surgeon. After closing the renal vessels with the vascular clamps, before removing 
the kidney, check with your fingers or vascular Doppler for the presence of pulsatile flow, i.e. good 
blood flow, in the external iliac or common femoral artery below the vascular anastomoses. 
Remember that a moment’s inattention with the clamps in place can cost the patient the excision of 
the iliac vessels, a major and then very difficult operation to restore the continuity of the vessels, or 
even the loss of a limb 


(10) 
(11) 


(12) 


(13) 


(14) 


Follow the ureter up to the urinary bladder, ligate it on both sides and cut it. 
Pull up the ureter and free it together with the renal pelvis from the sur- 
rounding tissues. A mobilized renal pelvis will give you access to the iliac 
and renal vessels, vascular anastomoses and the posterior surface of the 
kidney and the renal hilum of the transplanted kidney. Dissect, ligate or 
suture and cut the renal vessels as high as possible in the renal hilum. 
After the graftectomy, the internal surface of the kidney capsule is coagulated 
with an Argon Beamer or sprayed with an electro-coagulation device and 
drained with a surgical or JP drain. The drain is fixed and the abdominal wall, 
subcutaneous tissue and skin are sewn in layers (Fig. 6.3). 

We maintain the drain for several days and remove it when the “production” 
is less than 20 ml per day for two consecutive days. 

If there is no urine secretion, the catheter inserted into the bladder is removed 
the same day, immediately after the operation. The urinary bladder is flushed 
with warm Ringer’s or saline solution before the removal of the catheter to 
remove blood and clots. The next day or a few days after the operation, 
remove the catheter depending on the quality of the recipient’s bladder. As a 
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Fig. 6.3 1—The site after excision of the transplanted kidney, 2—Some of the vessels are double 
tied and some are double-sewn with nonabsorbable sutures, 3—The area of the urinary bladder 


rule, we remove the bladder catheter under the cover of antibiotics in con- 
sultation with a hospital infection disease specialist. 


Each kidney is sent for an anatomopathological examination and, if there is an 
indication, also for a bacteriological culture (Fig. 6.4). 


Warning! 

Each opening in the peritoneum is left for stitching at the end of the operation. 
I believe that each small opening in the peritoneum has to be sutured at the end of 
the operation because, during this time, the stretching of the peritoneum will be 
minimal. If you are unable to close even the smallest hole in the peritoneum due to 
its bad quality, open it as far as you can and do not close it. This way you can 
prevent preperitoneal herniation. 


Warning! 

Now you can put on a large clamp and cut out the kidney. However, what happens 
if the renal artery is very short and the external iliac artery is very winding and has a 
slight aneurysm change? I would advise you at this stage to dissect the kidney 
further in order to be sure of a few anatomical details before you blindly clamp and 
remove the kidney. 
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Fig. 6.4 1—Removed under the capsule: inactive and rejected kidney after transplantation 


The next stage is to locate the ureter. You should very carefully cut the trans- 
planted kidney capsule along the lateral edge of the kidney in the direction of the 
lower pole and thus open the extraperitoneal space. When preparing the tissues 
towards the iliac vessels, if we prepare near the lower pole and slightly downwards, 
we will come across the renal pelvis and the beginning of the ureter as the first 
structure. 

The midline incision gives us a chance to quickly reach the vessel(s) above and 
below the kidney anastomosis site, and thus enable full bleeding control, which 
gives us therefore maximum patient safety on the operating table. If during a regular 
late graftectomy (access through an old incision) there is bleeding that cannot be 
controlled, do not try to blindly close everything with large vascular clamps, 
thinking that the bleeding will be stopped. My advice is when you are unable to 
control the bleeding with a clamp, try to control the hemorrhage with your finger(s) 
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at the beginning. Be polite, do not shout. If you have stopped the bleeding, calm 
yourself down, your partner surgeon and the scrub nurse. Speak in a friendly way 
with the anesthesia team and the rest of the medical personnel present in the 
operating room. Do not let them know that you are afraid. Please politely call for 
the most experienced people who you trust, who are the best and who are most able 
to help the patient and stop/control the bleeding. Do not panic, let the anesthesi- 
ologist and the nurse know that the patient is still bleeding and you need as quickly 
as possible the cell saver and much more blood or that you already have managed to 
control the bleeding. Try to communicate in the operating room with everyone 
politely on the same level. 

Let us list the necessary resources that you will need in the operating room to 
control the bleeding. If the patient has low blood pressure and is not bleeding, do 
not try to operate on him or her further, but wait for appropriate help and give time 
to the anesthesiologist to stabilize the patient’s condition. After the arrival of new 
forces and completing all the necessary things in the operating room, make one 
more attempt to control the bleeding with the most experienced people who have 
come to your department to the operating room. If not, perform a midline laparo- 
tomy to quickly reach, control and clamp the iliac vessels above and below the 
anastomosis site. 

At this point the following question arises: To remove or not to remove a 
transplanted kidney that is inactive and/or ineffective, and/or insufficient when the 
patient is not receiving immunosuppressive drugs and the kidney and the patient are 
not suffering from any symptoms? The opinions of transplant nephrology spe- 
cialists on this subject are divided. Some centers remove almost every transplanted 
kidney immediately after it starts failing. The proponents of this approach (early 
graftectomy) argue that as a result of chronic rejection with or without immuno- 
suppressive medications, patients with a failed transplant who are undergoing 
dialysis, often develop a variety of unsafe bacterial and non-bacterial infections, 
which increases the number of complications during dialysis, and may have a 
significant impact on the survival of patients awaiting another transplant. Other 
proponents of early transplantectomy (graftectomy) argue that after early removal 
of the kidney, the number of complications during dialysis is significantly reduced, 
resulting in a lower risk of contracting infectious diseases, longer survival and 
ultimately a bigger chance of receiving a second transplant. Other centers, on the 
other hand, believe that the removal of a transplanted kidney without any symptoms 
is not necessary, because the transplanted old kidney has a protective effect on the 
new kidney and immediately after transplantation it absorbs antibodies against the 
transplanted kidney from the recipient’s body, which is supposed to protect the new 
kidney, and therefore be responsible for the longer survival of the transplanted 
kidney. Another theory is that removal of the transplanted kidney significantly 
increases the immunoreactivity proponents of the recipient, which will contribute to 
a faster onset of episodes of acute rejection of the second or subsequent kidney that 
has just been transplanted. For some recipients of a kidney that has been rejected, 
especially in those with a severe heart and peripheral arterial disease, surgery to 
remove an asymptomatic rejected kidney may be an operation that exceeds the 
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capacity of their body. Therefore, I deeply believe that if you do not need to remove 
the rejected and inactive (producing little or no urine) kidney after transplantation, 
then stay away and leave it alone. 


6.4 Conclusion 


The surgical technique for the late removal of a transplanted kidney can be very 
difficult and often requires an experienced surgeon with good surgical skills. This 
procedure is burdened with a quite high mortality, reaching 10% and much more in 
less experienced centers. Therefore, it seems that the embolization of the renal 
artery of the transplanted kidney may be a good alternative for patients who were 
thoroughly selected for this procedure. 
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Chapter 7 A 
The Most Important Issues in Qualifying ere 
a Patient for a Kidney Transplant 

by a Surgeon 


1. Body weight. 


Increasing Body Mass Index (BMI), in the most recent large cohort analysis, is not 
associated with increased risk of death or graft loss but is associated with new-onset 
post-transplant diabetes mellitus (PTDM). Post-transplant diabetes mellitus affects 
approximately 10-40% of patients undergoing solid organ transplantation. 
The PTDM is associated with higher rates of graft loss and mortality compared to 
patients who do not develop the condition [1]. The data now suggest that a low BMI 
is the greater concern, with malnourished patients having higher mortality rates. The 
problem that both physician and patient face is the task of reducing weight in the very 
obese and increasing weight in the malnourished before the BMI exceeds 30. Various 
authors in the medical literature claim that in kidney recipients with a BMI over 30 
there are more postoperative complications (wound infection, pneumonia). In our 
center, we try rather not to transplant kidneys to people with a BMI above 30. Of 
course, we also transplant very obese patients with kidneys, but only for vital signs, 
for example if they do not have access to dialysis or they do not have enough time for 
bariatric surgery, but they are all with a BMI above 30. The prevalence of class IN 
obesity (body mass index [BMI] > 40 kg/m?) has increased dramatically in several 
countries and currently affects 6% of adults in the US, with uncertain implications for 
the risk of disease and death. Class III obesity is associated with substantially 
increased rates of all-cause mortality, with most of the excess deaths due to heart 
disease, cancer and diabetes, and with a substantial reduction in life expectancy 
compared with normal weight [2]. A BMI of 35—40 [4—6] will result in transplant 
team recommendation for the patient to enroll in a weight loss program. This must 
include established weight loss goals and BMI monitoring by the transplant team. On 
the other hand, candidates with morbid obesity do have poorer outcomes after 
transplantation than those with a normal weight. Although there is no evidence that 
weight reduction before transplantation improves survival afterwards, it seems rea- 
sonable to believe the cardiovascular risk profile would benefit from such an 
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intervention. How weight loss should be achieved is less clear. Although the benefits 
of dietary treatment will reasonably outweigh the harms, both pharmacological 
therapy and bariatric surgery will likely cause more adverse events, making the risk— 
benefit balance more problematic [5, 6]. We recommend that patients with a body 
mass index >30 kg/m‘, if it is possible, reduce weight before transplantation [6]. 


2. Duplex Doppler ultrasound examination. 


Before kidney transplantation, each patient must have a Duplex Doppler exami- 
nation of the iliac vessels, both venous and arterial. These are the questions we 
should usually ask a radiologist before the examination in order to order the 
examination; significance of the iliac vessels, calcification, thrombosis, stenosis and 
at least congenital malformations involving the arteries, iliac veins and abdominal 
aorta. The description of the examination should include the ankle pressure index 
(APD and not only the blood flow velocities in the examined arteries, but also if it is 
possible their diameters. 


3. Indication for contrast enhanced computed tomography (CT). 


Contrast-enhanced CT is performed on each potential kidney recipient who has 
intermittent claudication, in recipients of the second kidney after previous kidney 
transplantation, in patients after two kidney transplants, before the third transplant, 
if kidneys are present or if they have been removed before the transplant, in every 
patient who has lost a kidney transplant as a result of septic hemorrhage caused by 
bacteria or fungi, before kidney transplantation, in patients after an aorta bifurcation 
graft (we are looking for signs of infection or fluid around the prosthesis). 


4. In every patient over 50 years of age, we perform CT without contrast to see the 
number, length and arrangement of atherosclerotic calcifications in the iliac vessels 
and in the aorta. I recommend this—it is a very good examination. You can see if 
the calcifications close and take the shape of a circle, calcifications of the iliac 
arteries that can be detected by CT without contrast may involve the posterior wall 
of the vessel (this is usually where calcium deposition begins). Intense deposition of 
calcium deposits in the vessel wall can lead to arterial stenosis and, in advanced 
cases, to intermittent claudication. The most dangerous situation is when calcium 
deposits are deposited in the vessel in the form of rings (360 degrees). This is a very 
dangerous situation since any attempt to be consulted by a vascular surgeon before 
being qualified for transplantation. In this case, there are two solutions: to perform a 
kidney transplant together with a vascular surgeon, or to prepare for transplantation 
by performing vascular surgery, replacing the diseased vessel with a prosthesis and 
then performing a kidney transplant with anastomosis of the renal artery with a 
previously implanted prosthesis. In this case, prior to the operation, a vascular 
surgeon’s consultation is required and a bilateral or unilateral bifurcation prothesis 
should be performed, depending on the stage of atherosclerosis. In patients with 
chronic renal failure, this is a procedure with a relatively high risk of complications. 
The decision to perform a unilateral or bilateral kidney transplant should be dis- 
cussed in great detail with the patient and his family, as well as with the vascular 
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surgeon. My experience is that there have always been and still are great problems 
convincing a vascular surgeon from a non-university hospital to perform a bifur- 
cation graft in a patient without intermittent claudication. On the other hand, we are 
talking about patients with renal insufficiency who may sometimes require vascular 
surgery, such as bilateral or unilateral bypasses between the aorta and the iliac or 
femoral vessels, and/or the implementation of complex dialysis access. It must be 
said that these are the patients with the highest risk. To keep these patients alive, 
they must be dialysed continuously or three times a week, which means that due to 
low haemoglobin levels, low plasma protein and albumin, frequent use of antico- 
agulants, limited fluid intake and dietary restrictions, these patients are more prone 
to all kinds of complications, such as infection, bleeding, slow wound healing, 
infection and wound dehiscence. 


5. Some people may also benefit from receiving a kidney transplant before needing 
to go on dialysis, a procedure known as preemptive kidney transplant. But for certain 
people with kidney failure, a transplant may be more risky than dialysis. Conditions 
that may prevent you from being eligible for a kidney transplant include: advanced 
age, severe heart and peripheral arterial disease, diagnosed or treated neoplastic 
disease, dementia or poorly controlled mental illness, alcohol or drug abuse. Other 
factors can influence the capacity to safely undergo transplantation and taking the 
medications honestly as needed after a transplant to prevent organ rejection. 


6. We recommend native nephrectomy before transplantation (unilateral or bilat- 
eral) in patients with autosomal polycystic kidney disease (ADPKD) when there are 
severe, recurrent symptomatic complications (bleeding, infection, stones). We 
suggest unilateral nephrectomy of asymptomatic ADPKD kidneys when space for 
the transplant kidney is insufficient. We do not recommend routine native 
nephrectomy, unless in cases of recurrent upper urinary tract infections or when the 
underlying kidney disease predisposes to enhanced cancer risk in the urogenital 
tract [6]. The author’s own experience is to recommend all of the above to patients, 
plus everyone with ADPKD kidneys reaching the iliac arteries who have qualified 
for a living donor kidney transplantation has bilateral nephrectomy to both their 
kidneys six weeks before transplantation. 


7. Do not forget: Patients over 65 years old are the fastest growing age group among 
the population with end-stage renal disease worldwide. In the European Renal 
Association-European Dialysis and Transplant Association (ERA-EDTA) Registry 
Annual Report of 2012, patients aged 65 to 74 years and 75 years or older constitute 
22 and 20%, respectively, of the prevalent renal replacement therapy population [5]. 


Conclusion 


Currently, qualification of a patient for kidney transplantation by a surgeon and a 
nephrologist from a transplantation unit seems to be insufficient. To fully qualify 
and place a patient on a waiting list for a transplant we usually need to have the 
patient assessed by a lot of different specialists in which the surgeon plays a very 
important role. 
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Chapter 8 R) 
What a Safe and Successful Kidney EE 
Transplant Program Depends on? 


8.1 Introduction 


Patient safety culture is a debated issue worldwide; it is a fandamental principle and 
a prerequisite for quality of care in the health field, and to be properly proportioned, 
it is necessary to acquire a culture of safety in which professionals and services 
share practices, values, attitudes and behaviors that make it possible to replace the 
guilt and punishment with the opportunity to learn from their own failures, and 
improve health care, ensuring patient safety [1]. Patient safety culture is associated 
with the capacity of health institutions to adapt to the human and operational risks 
inherent in the work process [2, 3]. In this sense, patient safety meets quality care, 
which is the degree of compliance with established standards, as opposed to the 
norms and protocols that organize the practice actions as well as the current 
technical and scientific knowledge [4]. The success of the kidney transplantation 
program and the safety of the donor and recipient are thus guaranteed by the 
following. 


1. Transplant Surgeon Training and Education 


Very good knowledge of anatomy, and excellent surgical skills in the field of organ 
procurement, transplantation, vascular surgery and microsurgery. Based on the 
present findings, it is suggested that all transplant surgeons with experience of less 
than 25 transplants should perform their operations under close supervision (as- 
sistance) by an attending transplant surgeon. A donor age of more than 60 years and 
a recipient with cardiovascular disease (CVD) are also independent risk factors of 
post-kidney transplantation vascular and hemorrhagic complications, therefore it is 
suggested that these high risk patients should preferably be operated on by surgeons 
with experience of more than 26 transplantations [5]. The European Renal Best 
Practice (ERBP) Transplantation Guideline Development Group suggests that cold 
ischemia time (CIT) is kept as short as possible (strength of this recommendation is 
weak and the quality of evidence is very low). ERBP recommends also the 


© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023 471 
A. Baranski, Kidney Transplantation, 
https://doi.org/10.1007/978-3-030-75886-8_8 


472 8 What a Safe and Successful Kidney Transplant Program Depends on? 


following rules: keeping CIT below 24 h when transplanting kidneys from donors 
after brain death (strength of this recommendation is strong and the quality of 
evidence is moderate), keeping CIT <2 h when using kidneys from donors after 
cardiac death (strength of this recommendation strong and the quality of evidence 
very low). ERBP recommends also that the decision to use donor kidneys with a 
CIT of >36 h should be made on a case by case basis [5, 6]. 


2. Creating the latest standards based on the latest knowledge 


Based on the recent literature, your own experience and experience abroad, try to 
establish protocols for the management of patients presenting for kidney trans- 
plantation, operation protocols and postoperative management. Standards devel- 
oped by the entire team should also take into account the capabilities of the 
transplant unit and operating theater. When qualifying patients for surgery, try to 
use the previously established standards, which will facilitate rapid and professional 
preparation of the patient for transplantation and the transplant itself, as well as easy 
management of the patient after transplantation. When qualifying a patient for a 
transplant think about their medical history, do not think that he or she can receive 
any kidney. Think of which kidney is not acceptable for him/her due to the con- 
dition of the iliac vessels on both sides, such as a third kidney transplant, advanced 
aortic and iliac artery atherosclerosis on both sides. Remember that for a difficult 
patient, e.g. with advanced aortic and iliac artery atherosclerosis, accepting a kidney 
with many vessels may not help him/her, but may become fatally dangerous for 
him/her (a very long time of warm ischemia, delayed function, loss of a kidney, loss 
of a leg, death of the patient). Before making a decision, it is necessary to consider 
whether the procured kidney can be transplanted in each recipient. This is not only 
about immunological aspects, but mainly about technical requirements that the 
kidney must meet, such as the condition of the recipient's iliac vessels, the number 
of kidney vessels in the retrieved kidney and the number of ureters. The final 
conclusion must also include a statement about the limitations, for example: for this 
patient, one can accept the left kidney with one vein, one artery and one ureter, any 
other kidney anatomy is associated with too high risk of complications after 
transplantation. If the recipient is young, slim and has no atherosclerotic changes in 
the iliac vessels, we are not limited in anything and can accept virtually any kidney 
for him or her without increasing the risk of complications after transplantation. 
Good cooperation with other specialists, collegiality, ensuring maximum safety for 
the patient during and after surgery as well as standardization of procedures in 
protocols and continuous improvement of one's knowledge and surgical skills 
through daily and continuous education of themselves and others create an envi- 
ronment in which you will enjoy working and be successful [6, 7]. 


3. Work, communication and productivity 


The domain “working climate”, which assesses the quality of the relationship and 
collaboration among professionals, is one of the variables that influences the per- 
formance of an organization of the proposed objectives. Honest permanent 
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monitoring and analysis of complications are a big part of improving the quality of 
the operations and the safety of the patient. Job satisfaction, teamwork and good 
relationships with the team and managers is important. These aspects are funda- 
mental and need to be managed by professionals who work in health institution 
administration, and in the units, in order to present a warm, humane and partici- 
pative working environment, enabling safe and effective care contributing to 
favorable results for the patient undergoing transplantation. The most frequent 
results of job satisfaction are productivity, role activities, low absenteeism, low 
turnover, organizational citizenship, health and well-being, life satisfaction, and 
satisfaction of clients. Professional satisfaction favors positive attitudes towards 
oneself, and with others and contributes to greater professional participation in the 
work environment. This all improves professional performance and, consequently, 
strengthens the safety culture [1]. Safety at work also means trusting each other. In 
a hospital not only the patient has to feel safe but also the staff. Everyone in the 
hospital is working to achieve the best outcome for the patient. Sometimes during 
an operation there are difficult moments when the patient's life is in danger, and 
when it is necessary to help each other in dramatic moments to save the patient’s 
life, everyone helps each other, because the common good of all is to save the 
patient's life. I give you one example: you or one of the team members during an 
operation has a problem or gets lost. He/she asks his/her closest colleague whom 
he/she trusts to help not only him or her but also the patient, because the most 
important person in the operating theater is the vulnerable patient who is suddenly 
in great danger and needs the help of everyone who can help him at this moment. 
These are the rules of the game and if they are overstepped then not only you as the 
operator but the whole team must and should do everything possible to save the 
patient if possible and in such a way that he suffers as little as possible [1]. 

Remember that this game is not about you but about the safety of the patient who 
has trusted you and whom you, as a surgeon, can never and under no circumstances 
put in any danger in the name of your own particular interests! 


4. Work together with everyone, treat everyone fairly and with the same rights 


Develop good cooperation with the Department of Vascular Surgery, Radiology, 
Infection Disease, Nephrology, Anesthesiology, Cardiology, Anatomopathology 
and Immunology. 


5. Remember that your most important partner is the Nephrology Department 


Together with the Department of Nephrology try to improve medication safety and 
monitoring in kidney transplant recipients. Use informatics and mobile health for 
that. Try to reduce as much as possible medication errors, medication nonadherence 
and adverse drug events [8, 9]. 
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6. Surgical equipment 


Use the best surgical equipment such as: 


e Professional abdominal retractors: in kidney transplantation this is slowly 
becoming the rule, as it significantly contributes to the reduction of intraoper- 
ative and postoperative complications. Especially when performing difficult 
transplants, the operating field must be very well exposed and stable, because 
only such a field is in the full control of the operator. It is not pleasant when, for 
example, in the middle of the night a kidney is transplanted without the use of a 
professional abdominal retractor, it is the second or third transplant, the patient 
is “deep” or obese, the assistant is tired, and the iliac vessels consist of advanced 
types of atherosclerotic lesions. 

e Headlamps with high power of cold light (which does not heat the organ)—it is 
perfect and safe—especially in “deep”, obese recipients. 

e Professional surgical magnifying loupes, or a surgical microscope. 

e High quality surgical tools for transplantation and microsurgical reconstruction. 
There are more and more people on dialysis and we are therefore trying to do 
more transplants, taking organs from older and older living and deceased 
donors, but also transplanting them to older and older recipients who, because of 
their extensive medical history, cannot become kidney recipients overnight, as 
this would be too much of a burden on them in particular. This does not mean 
that these patients can never be transplanted, some of them certainly not, but 
some can be transplanted after multidisciplinary preparation of the potential 
kidney recipient for the transplant, which could be the implantation of a new 
heart valve, vessel unblocking or replacement with vascular prostheses. 
A commitment to the ability of the center to comprehensively prepare patients 
for transplantation and to transplant them in accordance with international 
guidelines for complications, organ and patient survival places such a center and 
its kidney transplantation program at the top of the pyramid of centers 
worldwide. 


7. Read a lot, go to congresses, compare the results of your centre with the best in 
the world, be very flexible, make good changes, try to achieve the results of the best 
centres for kidney procurement and transplantation 


Here you can check and compare your own center’s results with the best kidney 
recipient survival results and the survival of the kidney itself after transplantation 
that have been achieved in the world in kidney transplant patients. 

According to the national Organ Procurement and Transplantation Network, the 
success rate after a kidney transplant with a living-donor kidney was reported as 
97% at one year and 86% at five years. The success rate after transplant with a 
deceased-donor kidney was 96% at one year and 79% at five years [5, 10]. A living 
donor kidney functions, on average, 12 to 20 years, and a deceased donor kidney 
from 8 to 12 years. Patients who get a kidney transplant before dialysis live an 
average of 10 to 15 years longer than if they stayed on dialysis. The mortality rate 
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for related kidney recipients (who have not recieved a kidney) was 43 out of 128 
(34%). The mortality rate for patients who received a primary graft and at least one 
retransplant during the study period (during 2.5 to 7.5 years of follow-up) was 12 
out of 44 (27%). The mortality rate for diabetic patients on dialysis was 11 out of 22 
(50%) [10]. 


8.2 First Do no Harm—Primum Non Nocere—The 
Hippocratic Oath 


The Council of Europe bioethical principles of transplantation are laid down in the 
Convention of Human Rights and Biomedicine (1997) and reiterated in its 
Additional Protocol to the Convention on Human Rights and Biomedicine, on the 
Transplantation of Organs and Tissues of Human Origin, which was formally 
approved by the Committee of Ministers on 24 January 2002. The Council of 
Europe Committee of Experts on Organizational Aspects in Transplantation has 
produced under authorization of the European Health Committee several recom- 
mendations and guidelines dealing with the transplantation of organs and tissues. 
The most important regarding safety and quality aspects was the Guide to Safety 
and Quality Assurance for Organs, Tissues and Cells, whose seventh version was 
published in 2018 [6-8, 10]. The Guide provides useful information for trans- 
plantation centers, organ exchange organizations and tissue establishments and it 
goes through the whole transplantation process beginning with the identification of 
the potential donor and ending with the long-term follow-up of transplant recipi- 
ents. The Guide is updated regularly according to the scientific and technical 
progress in the field. The essential spirit of all these documents is the same. 
National laws and international agreements should set the framework within which 
transplantation operates in each country. They should ensure the protection of 
donors and recipients against exploitation. The ethical rules must include protection 
of human integrity, avoidance of bodily harm and coercion, as well as exclusion of 
commercialism and financial gain from human material. The patients should have 
equitable access to transplantation, and thus the allocation rules must be fair and the 
system open and transparent. In order to guarantee a high level of quality, safety 
and efficacy of the transplantation program, all institutions involved should 
implement an effective quality assurance system. This includes well defined 
requirements not only for all human material to be removed and transplanted, but 
also all tests and methods of analysis, as well as materials, packaging, labeling, 
storage and transport. It also includes competence requirements for staff. An 
effective quality assurance also needs a good quality management system. The final 
measures of safety and quality of transplantation are the long-term results obtained 
from a life-long follow-up of all transplant recipients. In this follow-up, the data on 
the recipients, living donors and transplanted material including any adverse effects 
should be recorded, analyzed and reported [11-15]. 
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8.3 Conclusion 


Only mutual trust in each other, cooperation with each other and belief in each 
other, supported by daily continuing education, guarantees the lowest number of 
complications and the highest safety for the patient in the intra- and postoperative 
period. Based on the present findings, it is suggested that all transplant surgeons 
with experience of less than 25 transplants should perform their operations under 
close supervision (assistance) by an attending transplant surgeon literature [2, 5, 
12-15]. 
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